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at Berkeley .. 


John Thompson’s construction men — familia: 

in their yellow helmets on power station 

and industrial sites throughout Britain — are now 
at work on the Central Electricity Authority’s 
first commercial nuclear power station 

being built by the A.E.I. — John Thompson 
Nuclear Energy Company at Berkeley, 
Gloucestershire. Crisply, the construction 
programme proceeds to a minutely planned 
schedule. The bottom dome portion of one of 


ow begins inside the bowl of tte reactor vessel. Six teams of John Thompson the huge 1,000 ton reactor vessels was 

welders work outwards from the centre, welding the 3in. thick steel plates which : . : ; 

— been assembled and are temporarily held in position by clamps. Further transported in sections to the site where it 

welding teams began working on the next ring of plates shortly after this photo- : ; imultane 

graph was taken. In the background, an X-ray unit stands_ready inside the bowl is being welded together to igi —_ nin 
for weld examination. with the reactor building. The “‘Buttercups 

A welder works from the bottom centre of the™reactor vessel, welding together ; j j is j i 

the 3in. thick ‘petal’ plates which form the lower bowl. Accurate edge preparation are speedily getting -” with this job ” 

of the plates has been achieved by a specially developed flame planing technique which they are building the reactor vessels, the 

in John Thompson's works. The temperature of the weld area is maintained F a ‘ 

between welding runs by means of flame torches, one of which is seen ready to thermal shielding, the sixteen large heat 


hand, in front of the welder. ey change towers, gas ducting and nuclear fuel 
loading machines. 
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@ TESTING OF MAGNETIC. 
AMPLIFIER CORES 

In the design of a reactor for a 

magnetic amplifier, the problem 

| arises Of making a choice of the 

core and the type of magnetic 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





material to be used. Since it is not 
practical to measure core characteristics under 
actual amplifier operating conditions in pro- 
duction, these conditions are best simulated in a 
core tester. A recent report describes a method 
which has proved its merits in practice. The 
core test consists of using a half-wave rectified 
current to drive the core flux to saturation once 
each cycle. A d.c. control current resets the flux 
during the off half-cycle, and an average-sensitive 
voltmeter measures the voltage in a pick-up 
winding. The correlation between core test 
and amplifier operation rests on the basic 
assumption that a core, when operating in an 
amplifier, reduces the volt-time integral across 
the load by absorbing or supporting a value of 
volt-seconds proportional to the flux changes 
in the core. Under this condition, the voltage 
induced in the pick-up winding of the test 
instrument corresponds to the voltage induced 
in the amplifier output winding when the core 
controls the load voltage and, under conditions 
of equivalent applied control magnetizing force, 
the amplifier output can be calculated from core- 
test measurements. 


@ PRECISION CONTROL OF HIGH-PRESSURE 
VALVES BY MAGNETOSTRICTION 


In the pressure range of 30,000 psi, valves 
having a cone seating on the edge of a circular 
hole produce considerable flows when the cone 
is lifted from the seat over only a fraction of the 


seating circle. The valve stem must therefore 
be positioned very accurately if accurate flow 
control is to be obtained. A novel type of valve- 
operating device, designed to achieve accurate 
flow control, is based on the principle of magneto- 
striction, by means of which it has been found 
possible to position valves to an accuracy of 
better than 10-¢ in. It is claimed that, in fact, 
precision flow measurements made on this valve 
have shown the repeatability of flow settings to 
be as good as or better than the accuracy of the 
§ flow instruments used, i.e., 1% of the flow rate, 
indicating a repeatability of valve position of the 
order of 0-1 micro-inch. In one typical design, 
the total stroke of the valve caused by magneto- 
striction and by pressure acting on the valve 
stem is of the order of 0-003 in. A pneumatic 
Operator is used to position the valve stem to 
about the centre of its operating range by 
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balancing the hydraulic force acting on the valve. 
Mechanical screws cannot be used for this 
adjustment, because screws with a pitch fine 
enough do not have the strength to absorb the 
high forces involved. In the original applica- 
tion, the valve was powered by full-wave rectified 
alternating current with no filtering, except 
that of the inductance of the magnetostrictive 
driving coil. It is considered that better resolu- 
tion in pressure let-down control can be obtained 
by shunting a capacitor across the driving coil 
to resonate at ripple frequency. 


@ ELECTROCHEMICAL ELECTRONIC DEVICE 
According to a recent announcement, a novel 
electrochemical device is being developed which 
eventually may take the place of thermionic 
tubes and transistors. The operating principle of 
this low-power high-sensitivity device is said to 
be simple. Electric current is generated by the 
movement of ions between electrodes in a 
chemical solution, after being excited initially 
by a dry-cell battery. The current is then sus- 
tained and varied through stimulation of the 
unit by either temperature, pressure, light, 
sound, or accelcration. It is reported that test 
models of an electrochemical flight integrator 
have already been produced and demonstrate 
the simplicity and accuracy of the new device. 
This particular application is based on the 
inertia principle, and, once started in motion in 
one direction, it possesses what amounts to a 
memory of its original course, instantly sensing 
any directional change in three dimensions. 
The integrator mechanism consists of a small 
cylinder divided into two sections by a porous 
ceramic filter, with two electrodes immersed in a 
potassium iodide solution. Any change in direc- 
tion of movement produces a measureable 
change in current output, and this change, in 
turn, activates appropriate control devices. It is 
claimed that electronic integrators in present 
use are far more complex than the new device. 
Another control mechanism based on the use 
of the new device can serve to replace conven- 
tional types of thermostats to control furnace 
and room temperatures. Here, the new instrument 
detects the rate at which a given temperature 
change is taking place, rather than sensing a 
change which has already occurred. The 
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**T work in a block of flats. It is my job to carry hot water up to baths and radiators. But they might have 
called me Luke for all the warmth I used to deliver! I lost most of it on the way! First there was Fred, the 
boilerman, he used to warm his feet on me; then Mrs. Fred the housekeeper, used to drape her smalls over me. 
And so I cooled as I climbed. But now that’s all changed. I’m decently dressed and decently behaved. Rigid 
sections of Fibreglass hold me tight — from boiler to tap. 
Now it’s hot radiators and boiling baths for everyone, 
everywhere. All my own work—with Fibreglass of course!” 
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tendency to overshoot or undershoot the desired 
temperature range is therefore eliminated. It is 
reported that the new device can be made sensi- 
tive enough to react to the heat of the human 
body, to practically any light source, or to very 
low pressure. Another interesting application is 
in the construction of a cumulative sound- 
exposure meter, in which the fluid in the electro- 
chemical unit becomes darker with exposure to 
high-intensity sound. The degree of discolor- 
ation then indicates exposure to a predetermined 
amount of sound. 


@ DIRECT GRANULATION OF MOLTEN 

FERROSILICON 

The direct disintegration of molten ferrosilicon 
to a fine powder has been achieved in a granula- 
tion method developed recently. The process 
creates rounded or generally spherical particles 
of ferrosilicon, and granulation is accomplished 
by the force of a high-velocity jet of water and 
gas colliding with a stream of the molten metal. 
The fineness of the particles and the distribution 
of particle sizes, within limits, are determined by 
several controllable variables, among which are 
the relative sizes of the water/gas jet and the 
stream of molten metal. The roundness of the 
granules is determined partly by variables such 
as these and partly by the surface tension of the 
particular alloy. With ferrosilicon, as much as 
50% of the particles pass through a 65-mesh 
screen, and up to 70% through a 40-mesh 
screen. The high-velocity jet of water is obtained 
by introducing the water under pressure into a 
special nozzle where additional momentum is 
imparted to it by the expansion of high-pressure 
gas mixed with the water in the nozzle. The 
process is considered potentially useful in many 
cases where it is desirable to eliminate a grinding 
stage and to proceed directly from molten metal 
to finely granulated spheroidal material on a 
high tonnage basis as, for example, in the pro- 
duction of metal powders of controlled com- 
position. It has been suggested that the process 
may be adaptable to fritting molten ceramic 
oxides. By this method, it may be possible to 
break up the frit into particles smaller than those 
obtained at present and thus reduce subsequent 
milling. 


@ SIMPLIFIED REFRIGERATION SYSTEM FOR 

TEST CHAMBERS 

By eliminating practically every feature of 
conventional refrigerating technique other than 
the basic principle, it has been found possible to 
construct a refrigeration plant for test purposes 
Which is of truly remarkable simplicity. The 
novel system has no compressor, condenser, or 
heat exchanger, and, in fact, no moving parts, 
except for one valve. Cooling is directly pro- 
duced by the vaporization of liquefied CO: or 
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other gas released into the refrigerated area 
through the control valve, without the use of 
heat-exchange coils. The result is said to be 
exceptionally efficient, with rapid cooling, close 
temperature control, and highly economical 
operation. This refrigeration system is reported 
to be in use for test chambers ranging in size 
from 1 cu ft to walk-in cold-rooms. These test 
chambers are equipped with three systems for 
producing a wide range of environmental 
conditions, i.e., a refrigeration system to main- 
tain temperatures down to — 108°F with COs, 
and even lower with other gases; a heating 
system for temperatures up to 600°F ; and a 
humidifying system to maintain any desired 
relative humidity between 5 and 100%. The 
refrigeration and heating systems are both con- 
trolled thermostatically, and another control is 
provided for relative humidity. In the case of a 
32-cu ft test chamber, a room temperature of 
— 100°F has been reached in 5 min, compared 
with 14 to 4 hr with mechanically refrigerated 
equipment. Because of the design of the refri- 
geration system and the efficient air-circulating 
system, the thermostats can operate with a 
temperature differential of less than 2°F through- 
out the chamber. The cost of the complete test 
chamber is said to be about 25% that of con- 
ventional test chambers, largely because of the 
simplified refrigeration system. 


@ ULTRASONICALLY TREATED BEER 


Experiments connected with the ultrasonic 
ageing of whisky are well known. Now, how- 
ever, a recent report makes it appear quite 
likely that, in the expansion of bottling and 
canning facilities in breweries, ultrasonic equip- 
ment will play an important part. Beer and ale 
are basically food products, and shelf life is an 
important factor in packaging them. Whereas, 
with kegged beer and ale the product is con- 
sumed in a relatively short time, the bottled or 
canned product may not be consumed for 
months. It is recognized that exposure to air or 
the presence of occluded air shortens shelf life 
considerably, since atmospheric oxygen oxidizes 
or denatures some of the protein groups dis- 
solved in beer. This oxidation tends to make 
the protein less soluble and hence come out of 
solution, with the result that the product 
becomes hazy and acquires a fruity or estery 
taste. From experience it has been found that 
about 1 cc of air in every 5 oz of beer or ale is 
acceptable, and it has now been established that 
the air contained in freshly filled bottles can be 
more effectively removed by subjecting them to 
ultrasonic vibrations than by conventional 
methods of agitation. A recently developed 
ultrasonic beer de-aerator or beer foamer con- 
sists of a 250-W generator and bias supply con- 
nected to a magnetostrictive transducer, a shoe 


378 





Service 1s a Tradition.... 


We have always regarded the provision- of a complete 
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being mounted on the end of the transducer to 
accommodate the bottles on the filling machine. 
The ultrasonic generator is basically a tunable 
2-kcs oscillator and power amplifier with an 
output of 250 W, and the transducer has a 
jaminated oxidized-nickel core stack with a 
winding around the long arms. A permanent 
magnet supplies a biasing flux. The transducer 
and shoe are made of stainless-steel components, 
with the exception of the nickel stack, while 
teflon-insulated wire is used in the transducer. 
It is stated that the apparatus can also be used 
for accelerating the ageing of wine. 


@ NEW ALUMINIUM- MOLYBDENUM. TITANIUM 

ALLOY 

It is reported that a new aluminium-molyb- 
denum-titanium alloy has been developed and 
displays remarkable strength characteristics both 
at room and elevated temperatures. The alloy 
contains 6:5°% aluminium and 3-75% molyb- 
denum, the balance being titanium, and is 
characterized by improved time-temperature- 
stress stability, with deep hardenability and 
excellent heat-treated properties. Tests at 
elevated temperatures have shown that highly 
stressed samples at between 600 and 1000°F 
have undiminished strength and retain good 
ductility at subsequent exposure to room 
temperature. It has also been found that, after 
appropriate heat treatment, samples of 2 in. in 
thickness display a tensile strength of 160,000 
psi without any loss in ductility. It is considered 
that the new alloy shows considerable promise 
in aircraft applications and appears to be 
particularly suitable for jet-engine discs and 
blades, and, in general, for light-weight air- 
frame forgings, fasteners, and similar parts. 
Extensive tests on the machining properties of 
the material are reported to be in progress. 


@ FORCE RELATIONSHIPS IN THE MACHINING 

OF SULPHUR-ENRICHED CARBON STEEL 

A knowledge of force relationships during 
metal cutting is essential for an understanding 
of the properties of a metal as they affect machin- 
ing Operations. Force determinations, together 
with chip measurements, provide the necessary 
data from which the mechanical quantities 
affecting machinability can be determined. When 
the controlling properties of the material are 
known, the problem of improving machin- 
ability can be approached more rationally than 
by reliance on purely empirical data. In a recent 
investigation the beneficial effects of sulphide 
inclusions, i.e., of sulphur content, on machin- 
ability were studied. Force relationships were 
investigated in a constant-pressure lathe, as well 
as In a conventional lathe. The constant-pressure 
lathe has been used exclusively for evaluating 
the machinability of low-carbon free-cutting 
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steels. Machining in this lathe differs from 
normal machining processes in that the feed 
is not fixed, but is dependent on the lateral force 
exerted on the tool and on the resistance of the 
workpiece to tool penetration. Tests in the 
conventional lathe were carried out to determine 
force relationships for machining with pre- 
determined feeds, and were conducted on low- 
carbon steels containing various amounts of 
sulphur from 0-025 to 0-25%. In these tests, a 
wire-resistance strain-gauge dynamometer was 
used to measure the forces acting on a high- 
speed tool for various cutting conditions. In the 
constant-pressure test, sulphur additions in- 
creased the feed obtained with a given thrust 
load. The addition of sulphur reduced the forces 
acting on the tool for equivalent feeds in both 
test lathes. It was found that the decrease in 
friction and strain reduced the work required 
for removal of a unit volume of metal during 
machining. The results of tests with conven- 
tional lathes generally corroborated those 
obtained in the constant-pressure lathe. 


@ EFFECT OF MAGNETIC FIELDS ON THE 

ACCURACY OF STRAIN-GAUGES 

It has been observed that serious errors in 
strain measurements on electrical machines and 
magnets, particularly those used in nuclear 
research, can result from the effect of magnetic 
fields on the wires of resistance strain-gauges. It 
is well known that a current-carrying ferro- 
magnetic conductor changes its resistance under 
the influence of an external magnetic field. This 
magneto-resistive effect may be either positive or 
negative, depending on the material of the con- 
ductor and its orientation with respect to the 
magnetic flux, and, when allowed to unbalance 
a strain-gauge bridge, it produces a spurious 
indication of strain. When the magnetic field is 
parallel to the conductor, resistance increases 
with field strength up to some saturation value of 
flux. At extremely high fields, resistance may 
tend to decrease again. However, when the 
field is normal to the conductor, and hence to 
the current, resistivity usually decreases with 
increasing fields. Externally applied strains 
also affect the resistivity of the material. This 
elasto-resistance forms the basis for the use of 
wire-resistance gauges for the measurement of 
strain. Elasto-resistive and magneto-resistive 
effects are interrelated and, if the strain is large 
enough, the magneto-resistive effect in the case 
of positive magneto-resistive materials will 
become negligible. With negative magneto- 
restrictive materials, the converse is true. An 
investigation on the influence of the magneto- 
resistive effect on strain-gauges has recently 
been carried out, the strain-gauge wire materials 
investigated including elinvar (57% Fe, 34% 
Ni, 9% Cr), constantan, and a 92% platinum 
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alloy with 8% tungsten. An important result of 
these tests was that only the elinvar gauges showed 
the magneto-resistive effect. Wherever possi- 
ble, the less strain-sensitive constantan gauges 
are therefore more suitable for applications 
around magnetic fields. 


@ MAGNETOSTRICTIVE VIBRATORY ROCK 

DRILLING 

A study of the fundamentals of the process 
of rock drilling has shown that the rate of pene- 
tration of a bit into rock depends directly on the 
mechanical power input into the rock. In both 
rotary drilling and turbo-drilling, the mech- 
anical power input to the rock is developed by 
the rotation of the bit, and the torque reaction 
to rotation results from the sinking of the teeth 
of the bit into the rock, their penetration being 
produced by thrust load. Greater mechanical 
power is developed at the rock by turbo-drills, 
because they rotate faster. It would also seem 
reasonable to increase the mechanical power 
input to the rock at the lower rates of rotation by 
increasing the coupling of the bit to the rock, 
so that a greater torque reaction is developed 
when the bit is rotated. Since the static load on 
the bit in rotary drilling and the thrust force in 
turbo-drilling are both limited by practical con- 
siderations, the increased coupling must be 
obtained in some other way, such as vibrating 
the bit. A vibratory drilling machine, driven by a 
magnetostrictive transducer, is reported to be 
in course of development. The vibration fre- 
quency employed is 300 cps, and it is stated 
that rates of penetration of two to three times 
those obtained with rotary drilling have already 
been achieved with experimental drills. Since 
the magnetostrictive motor can produce recipro- 
cating motion without the use of relatively 
sliding or rolling parts, it offers a distinct advan- 
tage in operation in an abrasive fluid under 
pressure. Several other types of vibratory drills 
are said to be under development, in one of 
which the bit is vibrated at mains frequency by 
means of turbine-rotated eccentric weights 
driving a resonant steel column. 


@ CORRELATION ANALYSIS OF TAPE- 

RECORDED DATA 

To apply automatic control properly, it is 
necessary to know the frequency-response 
characteristics of the system. These character- 
istics are not easily calculated for. complex 
systems, and usually have to be determined 
experimentally. | Unfortunately, many large 
physical systems cannot be disturbed by the 
usual methods, which require the use of signi- 
ficantly large step, impulse, or sinusoidal inputs. 
If an automatic control system does not function 
properly, it may easily do more harm than good, 
and accurate prediction of its behaviour under 
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service conditions is therefore vitally important. 
The most powerful technique for determining 
the frequency response of a control system so far 
developed makes use of the auto- and cross- 
correlation functions of two random variations 
in the system. Except for one analogue method, 
employing a dual-function generator, corre- 
lation functions of recorded data have up to 
now been generated either by a general-purpose 
digital computer or by slow and tedious manual 
routines. Now, however, a special magnetic- 
tape scanner has been developed, capable of 
effecting generation of the correlation functions 
automatically in a few minutes. Utilizing 
rotating heads to read a stationary section of 
tape selected from its reels for analysis, the 
scanner can be used with suitable display equip- 
ment to permit a quick look at recorded inform- 
ation or to scan volumes of data for significant 
sections at high or low speeds. In the latter case, 
it provides a precision output for detailed 
analysis. Other applications include determin- 
ation of the time of an event ; determination of 
the deviation limits of telemetering ; the display 
of information on large screens ; and the display 
of transient phenomena for detailed study. 


@ COMBINED SPARK-PLUG AND STRAIN-GAUGE 
FOR CYLINDER-PRESSURE MEASUREMENTS 
With the use of higher compression ratios, 

cylinder heads have become more compact, 
leaving little room for test ports of any kind. In 
the case of new production models, the intro- 
duction of an additional opening in the cylinder 
head is practically impossible, because of the 
added complications in water-jackets and valve 
mechanisms. However, a _pressure-sensing 
device built into a standard spark-plug has now 
been developed and provides a simple solution 
to the problem. A flexible pressure receiver in 
the form of a hexagonal sleeve is installed in the 
electrode cavity between the electrode and the 
plug body. Six small holes are drilled radially 
through the plug body perpendicular to the six 
flat surfaces on the pressure receiver. Pins are 
secured to each of these surfaces and project 
through the small holes in the plug body. Insu- 
lating terminals are attached at the ends of each 
pin, and the strain-gauge winding is stretched 
from insulator to insulator in several turns 
about the spark-plug body. Strain-gauge leads 
are carried in a steel tube which supports an 
electrical connector several inches above the 
plug ignition terminal, and a metal shield, pro- 
tecting the strain-gauge element, is provided. 
Changes in cylinder pressure cause the flat 
faces of the pressure receiver to deflect, these 
deflections being transmitted to the strain-gauge 
wire by means of the connecting pins, so that 
the gauge is tensioned in accordance with the 
diaphragm deflections. 


380 








MIXING 
in the best circles 


sane 


ww 


~~ 


— 
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cations of CROFTS 
MIXER DRIVES 


Shaft Mounted Gear Unit with platform mounted 
motor, Publication 655 


Radiation Fan Cooled Vertical Agitator Type 
Worm Gear, motor driven through Crown Pin 
Flexible Coupling Worm Gear, Catalogue—152 


Ritespeed ‘Efficiency’ Geared Motors for 
inclined mounting 
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An Appraisal of Ceramic Cutting Tools 


By R. C. BREWER 


HARDNESS and toughness at cutting temperatures must be 
the principal properties of any tool material, and experi- 
ence has indicated that one property is increased only at 
some expense of the other. Lack of toughness can be 
offset, to some extent, by tool geometry, and consequently 
the initial governing factor in seeking new tool materials 
has nearly always been hardness. 

The hard particles of a tool material need to be small, 
in order to confer resistance to abrasion, and the first 
stages of research on a new tool material include investi- 
gations into the extent to which this factor can be con- 
trolled. Materials which offer possibilities in this 
direction are various carbides, nitrides, borides, and 
oxides. Table I gives details of some of these materials, 
together with their Knoop micro-hardness, because 
macro-hardness indenters are of little use in testing very 
hard brittle materials. 

At present, the borides and oxides have shown most 
promise. The borides investigated have been titanium 
diboride, molybdenum diboride, and a ternary boride of 
molybdenum and nickel ; tests so far do not put these 
borides beyond the carbide range as regards cutting 
speed, but they are still in the development stage, and 
improvements, particularly with regard to reduction in 
grain size, could alter this picture. The oxides which 
have a potential interest as tool materials are those of 
aluminium, beryllium, thorium, and zirconium. Of these, 
aluminium oxide is the hardest and has been most 
developed ; tools and tips made from this material are 
now commercially available in England, the U.S.A., and 
Western Europe, and have been used in Eastern Europe 
for almost five years. It is to these aluminium oxide tips 
that the greatest part of this survey will be devoted, 
although any relevant information on other new materials 
will be given, where appropriate. 

The idea of using aluminium oxide as a tool material 
appears to date from the turn of the century but, as a 
practical proposition, the history of such tools com- 
mences much more recently with the 1938 patent of the 
Degussa Company in Germany although there are 
feports of tests with ceramic cutting tools by Siemens and 
Halske in the early 1930's. 

: The tools which are now covered by the term “ cera- 
Mics ”’, are, in essentials, corundum, i.e., the stable alpha 
form of aluminium oxide or alumina. It is possible to 
distinguish, however, two clearly defined branches of this 
tool family. The first consists of tool materials which are 
almost pure aluminium oxide (98% or more) and may 
rightly he called ‘‘ sintered oxide ” tools, while the second 
consists of tool materials to which alloying elements have 
been acled in order to achieve some specific purpose ; 
Such materials may contain about 90% aluminium oxide 
and are becoming known, by general usage, as ceramics. 

It is important to distinguish between the very small 
amouni= of secondary alumina or magnesium oxide 
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which are added to sintered oxide tools and the relatively 
substantial additions of such compounds as chromic 
oxide in ceramic tools. In the former case, the object is 
to achieve a better uniformity of texture, so that the tool 
performs better than a pure oxide tool ; in the latter case, 
some investigators have claimed that the chromic oxide 
(alternatives are ferric and titanium oxides) increases the 
strength and hardness of the alumina. It is true that, as 
with most metals, where the alloy is stronger than its 
constituents, the mixture of the two isomorphous oxides 
AlzO3/Cr203 is harder than pure corundum. There 
exists, however, a controversy as to whether such addi- 
tions are desirable, this controversy arising from the fact 
that ceramic tools do not appear to exhibit a corres- 
pondingly increased performance in practice over 
sintered oxide tools. 

Both ceramic and oxide tools are prepared from 
alumina powder which is first ball-milled to a suitable 
size. Before it can be ‘* worked ”’, however, it is necessary 
to add binding and plasticizing agents. The material can 
then be cold-worked by slip-casting, extrusion, or dry- 
pressing, this latter being possibly the most general 
method ; the tips are then dried in an oven and sintered. 
An alternative to cold-working is the hot-pressing oper- 
ation in which pressing and sintering are done simul- 
taneously, thus giving an almost 100% density (see later 
remarks on porosity). In order to confer optimum pro- 
perties, the sintering temperature should be between 
1550 and 1700°C. 


TABLE I 
| Knoop | 
| Hardness | 
| High-speed steel | 650-950 | 
| Tungsten carbide | 1400-1900 
| Aluminium oxide | 1900-2000 | Commercial proposition for 
| | | many production jobs. 
| Titanium carbide | 2470 | Not yet a commercial pro- 


| position. 
| Silicon carbide | 2500 Difficult to form economically 
Titanium diboride | 2700 


into bits. 
Boron carbide | 2800 


Material Comments 





| Very low tensile strength with 
present grain size. 
Loses its resistance at normal 
cutting temperatures. 
Diamond (for 
comparison) 6500 





TABLE II 


Material | Compressive Strength | 


[psi] 


Bending Strength 
[psi] 
100,000 
430,000-530,000 
35,000-80,000 
20,000 
14,000 
21,000 





Tungsten carbide 
| High-speed steel 
| Aluminium oxide 
| Beryllium oxide | 
| Thorium oxide 
| Zirconium oxide 


540,000-600,000 

240,000-420,000 

110,000 | 
210,000 
290,000 


570,000-7 10,000 | 














Table II gives details of the compressive and bending 
strengths of carbide and high-speed steel, compared with 
the four oxides previously mentioned. Of the oxides, the 
general superiority of aluminium oxide is evident, parti- 
cularly in bending strength, which, despite the use of 
negative rake angles, is still of considerable importance in 
tool engineering. It is undoubtedly true to say that the 
bending resistance of carefully manufactured ceramic 
and oxide tips is good enough for constant loads, but 
vibrations or sudden changes in load are usually sufficient 
to cause, or at least promote, breakdown of the cutting 
edge. An aggravating factor from the point of view of 
applying alumina-based tips to such operations as milling 
is that a sudden change in mechanical load is accom- 
panied by a change in thermal conditions, and these 
materials are sensitive to fracture by thermal shock. 
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Fig. 1. Variation of hardness with temperature. 


So far, the discussion has centered on the manner in 
which alumina satisfies the more important properties 
required in a tool material. For successful application, 
however, a critical point is the extent to which these 
properties are retained at the relatively high cutting 
temperatures involved. Fig. 1 shows the extent to which 
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Fig. 2. The effects of porosity on tool life. 





the hardness of a ceramic is maintained, and curves ave 
been added for other tool materials, so that a comp: ‘son 
may be made of the relative decreases in hardness with 
temperature ; it should, however, be noted tha. the 
actual values of hardness at room temperature shou!.! not 
be compared, since the figures for a given type oi tool 
material may vary quite considerably with chang.s in 
metallurgical composition. It is evident from Fig. : that 
alumina-based tools retain their hardness to approxi- 
mately the same extent as carbides. The other properties 
discussed vary in much the same manner. 

In the early days of development of ceramics, erratic 
results were often encountered in performance tests, not 
only from tip to tip but also from regrind to regrind with 
the same tip. It has been suggested that, in addition to 
lack of control in the processing of the material, a con- 
tributory cause may well have been that the tool material 
was being worked very close to its tensile limit, so that the 
inevitable small changes in cutting conditions might have 
caused the difference between success and failure. 


POROSITY AND GRAIN SIZE 


Virtually all alumina-based tool materials contain 
very small percentages of silica and certain alkalis, thus 
causing the specific gravity to change from 3-99—the 
value for corundum. However, for those materials falling 
into the category previously defined as sintered oxides, the 
effect is so small as to be negligible, and any observed 
reduction in specific gravity from 3-99 can be taken as a 
measure of porosity. This porosity may be in the grain 
boundaries or inside the crystals but, whatever the origin, 
its effects are a deterioration in wear resistance and a 
consequent reduction in tool life, as shown in Fig. 2. 
It is thus imperative to keep the porosity as low as possible, 
i.c., the specific gravity as near to 3-99 as possible, and 
hence, for sintered oxide tools, determination of specific 
gravity is a convenient test for porosity. In the case of 
ceramics, however, the effect of the additional elements is 
usually to increase the specific gravity and, unless manu- 
facture is very closely controlled, it is difficult to utilize 
a specific-gravity test for porosity ; in such cases it is 
better to rely on some standard machining test, although 
this is neither so rapid nor so cheap. 

Grain size is also very important and must not only 
be small but must be capable of good control. It has 
been claimed that the addition of chromic oxide in 
ceramics materially assists in controlling grain size. The 
method of control in sintered oxide tools is usually the 
addition of secondary alumina (i.e., finely divided) or 
magnesium oxide. 

Although it is frequently claimed that alumina-based 
tools are chemically inert and thus do not give rise to 
built-up edges, it has been found that, if the additive con- 
stituent of the tool and workpiece is the same, a built-up 
edge is often formed. The author has found this to occur 
when machining aluminium and when machining chrome 
steels with ceramic tools containing chromic oxide, while 
Tangerman! has reported a similar reaction when 
machining titanium with a titanium boride tool. 


Use OF ALUMINA-BASED MATERIALS FOR PRACTICAL TOOLS 


Alumina-based materials and certain borides possess 
sufficient hardness and toughness to interest tool engin- 
eers. Certainly, in the case of the alumina-based tools, it 
may be added that there is such an abundance of widely 
distributed raw material that it can never be regarded as 
strategic. Nevertheless, one of the greatest disservices 
which can be done to these new materials is to proclaim 
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indiscriminately that they are a panacea for all machining 
ills and that they will out-perform any conventional tool 
material on all jobs. A more thoughtful approach, in 
which the function of newer tool materials is regarded as 
partially complementary to carbide tools, would lead to 
a general improvement in many machine-shops. 

So far, these materials have been considered without 
reference to their ultimate function as a means of cutting 
metals, and the mere fact that they satisfy a list of desir- 
able properties is no guarantee that they will perform well 
in practice. However, before turning to the results of 
practical investigations, the forms in which alumina- 
based tools may be used should be considered. Thus, an 
obvious procedure might be to “ joint ”’ the tips toa shank, 
but it must be recalled that these tips are non-metallic 
and the usual metal-jointing methods are of little use. 
Special methods have been devised for naaking a ceramic- 
to-metal joint but, for heavy cuts, none of the present 
methods seems to be entirely satisfactory. Also, the 
present tendency to implement the throw-away concept 
is gaining ground largely in the type of work where 
alumina-based tools can make headway, and the call for 
jointed tips is not likely to be so great. 

Alternatively, the tip may be clamped mechanically 
by two quite distinct methods, either of which lends itself 
to the throw..away concept. For “‘ lozenge ” or “* wafer ” 
tips, clamping is performed on the top surface of the tip 
by some variant of toolmaker’s clamp, and it has been 
stated that such tips should rest on a carbide shim or pad, 
though this contention appears to be controversial. With 
the longer “* prism ”’ bits (sometimes called “* slugs ”’ in the 
U.S.A.) a slit-head type of tool-holder is used, and clamp- 
ing pressure is applied to the sides of the bit. Tool- 
holders of both these types are available from several 
makers in the U.K., and, though introduced for carbide 
blanks, are equally well suited to ceramic and sintered 
oxide blanks. 

Where alumina-based tips have to be ground, it is 
preferable to use diamond-bonded wheels, and a good 
supply of coolant is an advantage in preventing wheel 
loading ; grinding with green wheels is not generally 
satisfactory. Final lapping is a material advantage in 
improving overall performance, and it is now fairly well 
established that a small negative rake land of about 
0-010 in. at the cutting edge is exceedingly beneficial, 
especially in preventing chipping of the cutting edge 
when the cut is started. 

The question of tool geometry is simplified to some 
extent with throw-away tips which use all cutting edges, 
because the rake angle must be negative, the wedge angle 
of the tool is constant (at 90 deg.), and the included 
angle at the tool tip is limited to a few standard values, 
say 60, 90, or 120 deg. for triangular, square, or hexa- 
gonal tips respectively. The side and back rake angles are 
normally equal, and the commonest values are — 5 and 
—7 deg., although the Russians have used negative rake 
angles as high as 10 and 12 deg. 

The chief point to be settled now is the side cutting- 
edge angle ; with the long prism bits requiring a slit- 
head tool-holder, unless the user is prepared to make his 
own tool-holder, the choice is effectively restricted to 15 
and 4% ‘leg., these being the general standard figures. It 
Is an easier task to make tool-holders for lozenge or 
wafer ‘os, thus giving rather more freedom in the choice 
of the <ide cutting-edge angle. The actual value of this 
angle ©: machining with alumina-based tools is, as is 
often ‘> case, a compromise ; from the point of view of 
fasy € ry into the work, it should be fairly high, e.g., 
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tending to 45 deg., but, in order to reduce chatter, parti- 
cularly with high depth/feed ratios, it should be low. 
Since chatter is to be avoided at all costs, the best rule is 
to adopt the smallest side cutting-edge angle giving satis- 
factory entry of the tool into the work. Occasionally, 
the particular application will settle the point, e.g., on 
tracer-controlled lathes, where a zero side-cutting-edge 
angle may be necessary. 

There is one further point, over which there is much 
controversy, i.e., the nose radius. Early articles often 
stressed that this should not be greater than J in., 
doubtless based on the fact that chatter tends to be more 
troublesome at large nose radii. However, this danger is 
often more apparent than real, and nose radii greater than 
gs in. can be beneficial. 

The triangular, square, and hexagonal lozenge tips, 
which yield 6, 8, and 12 cutting edges respectively when 
used as discussed above, can be used as positive-rake 
throw-away tips by forfeiting half the number of cutting 
edges. For anything more than finishing work, however, 
the use of positive rake angles should be restricted to 
soft materials, chiefly non-metals such as impregnated 
plastics and graphite. 


APPLICATION OF ALUMINA-BASED TOOLS IN PRACTICE 


As mentioned previously, the final arbiter of a new 
tool material is its performance in practice, which should 
be based on experience and not on the results of pre- 
liminary tests in which most of the machining parameters 
are chosen almost arbitrarily. This may appear self- 
evident, but it is probably one of the greatest contributory 
factors to such statements as “‘ this new tool material is 
useless in our shop ”’. 

Basically, a tool material can be assessed when 
information is provided on (a) resistance to wear ; (b) 
tool life when machining various materials ; (c) power 
requirements (or tool-force relationships); and (d) 
surface-roughness tests. 


(a) Resistance to Wear :— 


Before considering the subject of resistance to wear, 
it is of interest to examine the possibility of failure 
occurring when the tool enters the cut or (equally import- 
ant when turning short lengths) when the tool comes out 
of the cut. This problem has been investigated by Moore 
and Kibbey?, who used a statistical approach and multi- 
variable techniques, more common in industrial engin- 
eering than in mechanical engineering. The chief dis- 
advantages of tests in which all variables except one are 
held constant are the very large number of tests required, 
and the implicit assumption that, having discovered the 
information for some given value of a particular variable, 
this law will hold for all other values of this variable. The 
first disadvantage leads to a tendency to draw curves 
through too few points and to indulge in unjustifiable 
extrapolations. Moore and Kibbey chose to vary three 
parameters at a time and in three sets of experiments, 
covered nine variables in all. In fairness, it must be 
pointed out that the computation work in multi-variable 
techniques is quite considerable. 

From the tests of Moore and Kibbey, the following 
suggestions may be offered for avoiding breakdown when 
entering or leaving the work :—(1) Where vibrations 
permit, a large nose radius should be used; (2) in 
general, a decrease in feed and an increase in depth 
of cut (for the same chip area) will give less tendency to 
failure ; (3) a negative rake land with a width of 0-010 in. 
or half the feed, whichever is the greater, should be honed 
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on the cutting edge ; the optimum value of the rake 
angle for this land appears to be about — 45 deg. 

Assuming now that the cut has been started success- 
fully, flank and/or face wear may take place to some 
arbitrarily defined limit or, at some stage, there may be a 
sudden cracking near the cutting edge followed by com- 
plete breakdown. The only instances where crater wear 
has been observed have been when cutting chrome steels 
with ceramic tools containing chromic oxide. 

Certain materials appear to cause, or at least tend to 
cause, breakdown of the cutting edge but, apart from 
these, the chief causes of breakdown are bad cutting 
conditions (e.g., too high a feed, wrong selection of side 
cutting-edge angle, etc.) or lack of rigidity in the general 
system. If these points receive careful attention, there is 
no reason why failure by complete breakdown should be 
anything but the exception. 

With regard to the question of how wear increases 
with cutting time, there is a fairly well established pattern 
of events. There is an initial period, of a few minutes at 
most, when wear rate is high, after which it decreases 
considerably to a value dependent on cutting conditions. 
This new wear rate may continue almost indefinitely or, 
for more arduous cutting conditions, may increase 
steadily. Fig. 3 shows a typical set of wear curves for 
various feeds and also demonstrates a phenomenon 
peculiar to alumina-based tools, i.e., the presence of short, 
or semetimes comparatively long, periods when no dis- 
cernible wear takes place. So far, no explanation of this 
phenomenon appears to have been advanced. 

One factor which has been established is that the 
possibility of complete breakdown during cutting in- 
creases with the amount of wear that has taken place. 
Thus, it is generally advisable to impose as the amount 
of permissible wear before an alumina-based tool is 
reground or re-indexed a lower figure than the 0-030 in. 
customary for carbide tools. Several figures have been 
proposed, and it appears that the actual amount is a 
function of the material being cut but, in order to give 
some guide, the author suggests about 0-016 to 0-018 in. 


(b) Tool Life :— 


When a shop is committed to a definite rake angle 
and to one or two side cutting-edge angles, the chief 
machining parameters of which tool life will be a function 
are cutting speed, depth of cut, and feed. 

With regard to the variation of tool life T with cutting 
speed V, the normal power-law relationship (V7" = con- 
stant) holds above a certain cutting speed ; this speed is 
dependent on other factors, but may broadly be stated 
as 150 to 300 fpm for carbon steels. Below this speed, 
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Fig. 3. Wear as a function of cutting time with different feeds. 
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wear due to chipping of the cutting edge is ver: pro- 
nounced and leads to a reduction in tool life \. th a 
decrease in cutting speed. Fig. 4 shows such a tc .I-life 
cutting-speed relationship, as obtained by Zhik!. :rey,3 

The variation of tool life with depth of cut d an.: 
f also seems to follow the normal power-law relatic ::shi 
but there is some evidence to show that there ma: 
change in the index relating feed to tool life fo: 
values of feed, e.g., above 0-030 in. per revolution. fhus, 
the composite tool-life relationship may be expres:ed as 
VT*fad> = constant, depending on the materia! cut, 
where n, a, and 6 are constants for certain ranges of the 
variables. Fortunately, these ranges encompass the 
normal practical limits for these variables, i.c., the 
changes in 7 at low speeds and a at high feeds are not 
important obstacles to setting up a generalized tool-life 
equation, because low speeds and high feeds are not 
normally good practice with alumina-based tools. 

1000 
800 
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400 


TOOL LIFE, min 


10 
60 80 100 200 400 600 1000 2000 
CUTTING SPEED, fpm 


Fig. 4. Relationship of cutting speed to tool life when machining a 
50-ton carbon steel. 


Given the data from a series of tool-life tests, it is now 
quite a simple matter to express the generalized tool-life 
equation in nomographic form for a specific material 
cut. For one nomogram to hold for several materials cut, 
n, a, and b would either have to be exactly the same, or the 
variation would have to be within acceptable limits. The 
author has found, from his own tests and the data 
published, that the variations in nm, a, and b are within 
reasonable limits, and has constructed the nomogram 
shown in Fig. 5. Repeatability in tool-life tests is of the 
order of + 10% ; consequently, this nomogram cannot 
be expected to predict tool lives to a fine accuracy, though 
it should be useful in the often difficult, yet very essential, 
task of making an initial estimate of cutting speed, feed, 
and depth of cut. It may be noted from Fig. 5 that the 
cast irons and molybdenum steels have been subdivided 
according to hardness. It has been suggested, at least by 
implication*.5, that a more general tool-life equation 
exists in which the ‘“ material constant ” term may be 
replaced by a hardness term. The author has not found 
this to be a general truth, but rather a limited truth for 
cast irons and molybdenum steels treated as two separate 
groups. It is possible that, if facilities existed, it could be 
shown to be true for other groups of alloys. Nevertheless, 
even within the range of alloy steels alone, published 
information shows that hardness does not uniquely 
determine tool-life characteristics. 
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Fig. 5. Nomogram for estimating machining variables when cutting 
with alumina-based tools. 


Fig. 5 also gives an example of the use of this nomo- 
gram for a feed f of 0-016 in./rev. and a depth of cut d of 
0-160 in. With a tool-life of 60 min and machining a cast 
iron of 160 BHN, the corresponding cutting speed, follow- 
ing the arrows indicated, will be found to be 640 fpm. 

So far, tool-life relationships for alumina-based tools 
have been considered on their own. It is therefore inter- 
esting to compare the performance of an alumina-based 
tool with that of high-speed steel and with a carbide. 
Fig. 6 shows the results of tests with these materials when 
cutting an ordinary grade of cast iron with the same 
feed (00104 in.) and depth of cut (0-100 in.). An addi- 
tional curve is included, showing comparable results for a 
ternary boride of molybdenum-nickel. 


(c) Power Requirements and Tool Forces :— 


_ Almost all the power absorbed in cutting is used (a) 
in the work of shearing the material at a comparatively 
high strain rate, and (b) in overcoming the resistance to 
relative s'iding at the chip/tool interface. With regard to 
the work of shearing the material, at first sight there 
appears -o be no reason for any variation at all with 
different ‘ol materials, but it should be remembered that 
the shea strength of the work material is not a unique 
Property 2nd depends considerably on temperature and 
strain ra*-, both of which may be altered by a change in 
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frictional conditions at the tool face. Not enough is 
known of the true fundamentals of metal cutting to permit 
a theoretical prediction of these effects, and recourse 
must be had to experimental methods. Shear work is 
dependent on two factors, i.e., the shear strength of the 
material (under the physical conditions prevailing), and 
the shear strain (which is modified considerably by the 
compressive stress acting on the shear plane). 

Investigations by the author suggest a decrease in 
shear strength at higher cutting speeds, but a recent 
paper by Schmidt and co-workers® gives a slight increase 
over much the same range of cutting speeds. The author 
and Schmidt are, however, in agreement that a substantial 
reduction in shear strain occurs with an increase in 
cutting speed. The result of this combination of effects 
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Fig. 6. Tool-life curves showing the difference in performance between 
various tool materials. 
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is, in either event, that shear work decreases appre- 
ciably with an increase in cutting speed. 

The work involved in overcoming resistance to rela- 
tive sliding at the chip/tool interface depends on the 
frictional force along the tool face and the chip-thickness 
ratio. Variation in the frictional force at the speeds 
employed in machining with alumina-based tools is not 
significant, but the chip-thickness ratio rises as cutting 
speed increases, thus giving an overall rise in friction 
work with increasing cutting speed. 

The decrease in shear work and the increase in friction 
work obviously tend to cancel one another, but there is a 
slight decrease in the total work of cutting with increasing 
cutting speed. The frictional conditions with ceramic and 
oxide tools do not appear to be significantly different 
from those obtaining with carbide tools under normal 
conditions, and the overall effect as regards ‘ speeific 
power ” [hp/cu in./min] is that the power required for 
cutting with alumina-based tools is a little less (say 10% 
at the most) than that required for carbides, but this 
difference is far less than that which can occur for a given 
tool material when cutting conditions are changed, 
particularly for changes in rake angle. 


(d) Surface Roughness :— 


Although some published work includes a qualitative 
reference to the finish obtained when turning with 
alumina-based tools, references of a quantitative nature 
are rare, and comparisons are not facilitated by the fact 
that, while the Russian report uses the maximum height 
of asperities as a criterion, U.S. references are to r.m.s. 
values and British references to centre-line average values. 
Furthermore, definitions and methods of measurement of 
surface roughness itself are somewhat arbitrary, and any 
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Fig. 7. Bar chart showing the finishes which may be expected when 
using alumina-based tools. 


386 


information must be interpreted accordingly. Fi: 7 js g 
bar chart showing the range of surface rou; «nesses 
(centre-line averages) which may be expectec when 
machining various materials with alumina-base : tools 
having a nose radius of the order of 3 in. Evide. ‘ly, for 
optimum finish, the finest feed should be used, b. t, over 
the range of finishing cuts, depth of cut has no per. eptible 
effect. Above about 700 fpm, cutting speed his little 
effect on surface finish, and for mild steel and k w-alloy 
steels, speeds in the range of 1000 to 1200 fpm are quite 
satisfactory. For non-ferrous metals, the highesi spindle 
speed is likely to be the limiting factor as regards cutting 
speed. Differences in the finishes produced by carbide and 
alumina-based tools (under the same operating condtions) 
are normally slight, and those who are accustomed to 
thinking of surface finish in terms of carbide tools will 
not need to alter their views greatly ; in most circum- 
stances, alumina-based tools tend to give a slightly better 
finish than carbide tools. 

The value of surface roughness varies with cutting 
time in much the same manner as wear (see Fig. 3), at 
least up to acertain point ; towards the end of the curve, 
the slope begins to become steeper, and this is usually an 
indication that the cutting edge is about to deteriorate 
rapidly. 


CONCLUSION 


Ceramic and sintered oxide tools need very rigid 
conditions for successful application, e.g., tight clutches, 
finely adjusted tearings, balanced driving dogs, tailstock 
and slide-ways in good condition, etc. When adopting 
these tools, some manufacturers have designed new, more 
rigid tool-holders. Granted these conditions, there is a 
large field of application for alumina-based tools. Table 
III lists some of the materials which have been machined 
successfully with alumina-based teols, together with 
cutting-speed ranges, which, although wide, serve as a 
starting point when planning a new run. This table 
assumes that the components to be machined do not 
have a hard skin or scale, which is most detrimental to 
alumina-based tools. 

TABLE III 





. Range of Cutting Speeds 
Material [fpm] 





1000-1500 
600- 900 
350- 450 


Molybdenum steels 

| ditto — heat-treated 
Cast irons 

| Nickel steels 
Brasses 

| Aluminium alloys 


1000 upwards. 


| Mild steel | 
| 
| 
| 





* depending on hardness. 

Highly ductile materials and particularly those with a 
high degree of work-hardening seem to be the sphere 
where alumina-based tools have least success ; in this 
connection, it is interesting to note that, although an 
annealed stainless steel was found to be quite unmachin- 
able with an oxide tool, it could be cut successfully at 600 
fpm after heat treatment. Indeed, many heat-treated 
parts can be machined with alumina-based tools in the 
speed range of 200 to 600 fpm, provided that small 
depths of cut and fine feeds are maintained. 

Owing to their good wear characteristics at small chip 
areas, alumina-based tools can hold dimensional toler- 
ances well and have been used by some firms to replace 
certain grinding operations. Whilst at least one American 
tool manufacturer has marketed an alumina chip- 

(Concluded on page 418) 
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The Erosive Effects of Pulsed Electrical Discharges 


with Weak Currents 


By A. Prokes. (From Czechoslovak Journal of Physics, Vol. 7, No. 3, 
pp. 320-326, 378e, and 378f, 13 illustrations.) 


Tue investigation described in this paper is concerned 
with the erosive effects of pulsed electrical discharges with 
currents of 50 to 100 mA and with pulse amplitudes of 
1000 to 2000 V and durations of 1 to 10 microsec. The 
possibility of a change in polarity during discharge was 
eliminated by using a generator which produces positive 
rectangular voltage pulses, instead of using the usual 
condenser discharge. By altering the position of the 
samples, the discharge always occurred at different 
points, and a trace of the erosive effects produced was 
obtained. 

Investigations of the influence of the medium show 
that, if the discharge takes place in air, erosion spots, 
unequal in size, appear on the anode, as shown in Fig. 1. 
If, however, the discharge falls on the same spot more 
than once, hardening occurs in nearly all cases (Fig. 2), 
sometimes without the formation of any observable 
erosion spots. If distilled water is used between the 
electrodes, hardening does not appear to take place, and 
the erosion spots formed are larger and of approximately 
the same size. This can be explained by the small focusing 
effect of the discharge channel in air and the larger 
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focusing effect in a liquid medium. If the discharge 
channel is not sufficiently concentrated, a larger surface 
of the electrode is affected, and the metal is not melted 
but merely heated to a high temperature. During cooling 
and with access of oxygen from the air, hardening takes 
place. Similarly, with a more diffused discharge channel, 
energy losses occur, greater in some cases and less in 
others, with the consequent formation of smaller, un- 
equal erosion spots. 

Investigations of electrode polarity show that there 
is a difference in the character of the spots caused by 
electro-erosion, according to whether the sample is the 
anode or the cathode. Fig. 3 shows an example of the 
type of erosion produced when the sample is the anode, 
and Fig. 4 when the sample is the cathode, with dis- 
tilled water as the medium between the electrodes in both 
cases. Fig. 5 illustrates the type of corrosion produced 
by a discharge in air when the sample is a cathode. 
From Fig. 3 it can be seen that, wren the sample is the 
anode, the eroded area has the shape of a round crater, 
while Figs. 4 and 5 show that, when the sample is the 
cathode, the erosion spots have an irregular shape, as 





though metal were sprayed on the cathode from the 
other electrode. The production of craters can be 
explained by the fact that, with the sudden slowing down 
of electrons, a source of heat of very small dimensions is 
produced, causing melting of a certain volume of the 
metal. At the same time, part of the metal rapidly 
evaporates and, as a result of the sudden impact of the 
evaporated metal on the cathode, the latter is also dis- 
turbed. 

By using a pentode as a current limiter, much smaller 
and more regular erosion spots were obtained, as shown 
by the example in Fig. 6, in which the sample is the 
anode. The shape of the crater indicates that the material 
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is ejected in the liquid state and confirms the conc +t of a 
short-time source of heat of very small dimensior . The 
melted metal is ejected radially as a result of the pr ssures 
produced during decomposition of the plasma. ridge 
is thus produced at the edge of the crater. In add ion, a 
small mound is formed in the centre of the crater, @ 1d this 
can be explained by the fact that the molten netal jg 
probably also pulled out perpendicularly to the surface 
of the electrodes in the form ef a drop. Durii g this 
process, however, capillary forces tend to preseive the 
cohesion on the drop with the rest of the electrode mater- 
ial, thus producing a small mound at the spot where the 
drop is pulled. 


New Oxide-Layer Resistors with Negative Temperature 
Coefficients 


By P. Water. (From Elektrotechnische Zeitschrift (E.T.Z.), Edition A, Vol. 78, No. 14, July 11, 1957, 
pp. 500-504, 14 illustrations.) 


As a further development of research initially carried out 
by American glass manufacturers for the production of 
electrically heated windscreen panels!, similar investiga- 
tions have been undertaken in Germany with a view to 
determining the electrical and thermal behaviour of 
electrically conductive oxide layers. As a result of these 
investigations, a new type of resistor with particular 
properties has been developed. The translucent layers of 
metal oxide are formed by solutions of cadmium, indium, 
or tin salts decomposed by hydrolysis on the heat- 
radiating surface of a glass or ceramic body. The elec- 
trical conductivity of such layers is surprisingly high and 
can be increased by adding other metal oxides. Further- 
more, systematic investigations by the Degussa Co., of 
Hanau, have shown that, by altering the composition and 
manufacturing conditions, the resistance/temperature 
characteristic can be varied within wide limits. 

The Degussa resistors consist of a ceramic base, an 
electrically conductive layer, and terminal connections. 
Between the layer and the terminal connections (clips or 
caps), a further layer of conductive silver is provided, to 
reduce contact resistance. Generally, the resistive layer 
is a mixed oxide of tin and antimony (tetravalent tin and 
partly trivalent antimony), with extremely good proper- 
ties as regards mechanical strength, chemical stability, and 
adherence to the ceramic base?. The layer, which has the 
same hardness as quartz, is, together with the terminal 
fittings, covered with an insulating varnish for protection 
against mechanical damage and excessive humidity. 

The resistive layer can be applied by spraying, dipping, 
or vapour deposition. In all cases, however, the tempera- 
ture of the ceramic base must be above 400°C during the 
deposition process. The layer thickness increases nearly 
linearly with the duration of the deposition process, as 
shown in Table I, in which t = deposition period [sec], 
h = layer thickness [microns], and p = specific resistance 
x 10-4 [ohm-cm]. 

TABLE I. PROPERTIES OF SnO2/Sb2O3 LAYER RESISTORS AS FUNCTIONS 
OF THE DURATION OF DEPOSITION. 
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Greyish-white 
Light-grey 
Medium-grey 
Dark-grey 
Black 
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Deviations from proportionality are due to cooling of 
the specimens, when the layer deposition process has been 
extended over a long period. The colour becomes darker 
with increasing layer thickness. The specific resistance 
shows a slight dependence on layer thickness, which is 
probably also due to temperature fluctuations during the 
process, as well as to surface roughness. 


SPECIFIC RESISTANCE AND TEMPERATURE COEFFICIENT 


The required value of resistance can be obtained by 
selecting the correct layer thickness. Moreover, as shown 
in Fig. 1, which is based on data by Mochel!, the “ stan- 
dard ” resistance of SnO2/Sb2Os layers is dependent on the 
Sb2O03 content. Anaddition of 1% of Sb2Os reduces the 
layer resistance by a power of ten, but with further 
additions the resistance increases. 

The present investigations show that even much 
greater ranges of values of layer resistance are obtainable. 
For instance, the specific resistance at 20°C can be 
selected with any value between 0-0005 and 30 ohm-cm, 
while the standard resistance (which is approximately 
that of specimens 10 mm in diameter and 40 mm in 
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Fig. 1. Dependence of SnOz standard resistance on Sb2O; content. 
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length) can be varied from about 5 to 300,000 ohms by 
altering the manufacturing conditions. Moreover, there 
is the possibility of increasing or reducing the resistance 
by several additional powers of ten by varying the dis- 
tance between the terminal contacts and by having 
grooves cut in the resistive layer. 

As regards the temperature coefficient a, some pre- 
liminary definitions are necessary. For metal conductors 
it is known that a = (dR/d7)/R is practically constant in 
the usual range of room temperatures. For conductors 
subjected to high temperatures, however, the resistance 
variation is exponential®, in accordance with the relation 


R = ae’T 


where a and 6 are constants for the material considered 
and T is the absolute temperature [°K]. 

For oxidic semiconductors, it has been observed by 
Meyer and Neldel*> that there is a relation between b 
(which is an ‘‘ energy constant’ associated with the 
release of electrons) and the specific resistance p; in 
other words, with increasing p-values, b also increases. 
Now, between the value of b and the temperature coeffi- 
cient a, the following relation exists®:— 


a = —b/T? 


i.e., @ becomes increasingly negative for high values of 5, 
and hence of p. This is known as Meyer’s rule and has 
also been confirmed in the tests mentioned above. 

However, the resistance/temperature curve of layer- 
type resistors is exponential only within a certain range. 
Resistors with positive or slightly negative a-values follow, 
like metals, a proportional relationship between R and T. 
The temperature curve becomes truly exponential only 
when a has an appreciable negative value, i.e., less than 
—0-6% per °C. For intermediate values of a, there is a 
transition range between linear and exponential tempera- 
ture dependence. 


CURRENT/VOLTAGE CHARACTERISTICS 


Static current/voltage characteristics were plotted, 
and it was found that the V// curve is linear for low loads, 
i.e., at low temperatures ; at increased loads, if the value 
of a is negative, there is a falling off in resistance, with a 
smaller voltage drop across the resistor than in the case 
ofa constant resistance. Examples are shown in Fig. 2. 

There is no reversal point of the voltage/current char- 
acteristic, as is generally the case for other semiconduc- 
tors, because, as shown by Kanter’, this occurs only if the 
temperature coefficient has an extremely large negative 
value (—1-3% per °C or even more). 


HEATING TIME AND SURFACE TEMPERATURE 


The heating time, i.e., the time required by an oxide- 
layer resistor to reach constant temperature and a con- 
stant voltage drop, depends on various factors, such as 
shape, heat dissipation, and value of applied voltage. As 
a tule, up to 80% of the equilibrium temperature is 
reached in about 1 min ; complete equilibrium is at- 
tained in 5 to 10 min. 

Comparative tests were made with varnished and 
non-varnished resistors in still air and in a fan-induced 
draught. In still air, the temperature of the oxide layer 
was the same with and without the varnish, whereas the 
tempere‘ure of the varnish was 10 to 15% lower. It was 
found that, with the draught, heat dissipation was 
approxi nately doubled at the same working temperature 
(e.g.,frem 1-0 to 2:0 W/cm? at 250°C, for resistors 40 mm 
long an’ with an outside diameter of 30 mm). 
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STABILITY AND SURFACE-LOADING CAPACITY 


As the conduction mechanism of oxide-layer resistors 
is similar to that of oxidic semiconductors, the question as 
to their stability can appropriately be answered by a com- 
parison with the usual commercial thermistors. The 
latter generally consist of spinels or mixed oxides and are 
manufactured by sintering, the units thus obtained being a 
coarse-grained, porous mass of not quite uniform com- 
position. Owing to their porosity, there is the risk that 
gases from the atmosphere may diffuse into thermistors 
and alter their electrical properties. As a result, these 
resistors are not absolutely constant and their tempera- 
ture curve in a log-log graph is not absolutely linear. In 
contrast, oxide-layer resistors, which are free from pores 
and practically homogeneous, give a straight line in the 
log-log graph with a temperature coefficient of —0-6% 
per °C, and the results are fully reproducible after several 
heating and cooling cycles. 

2U 
Vv 
40 


VOLTAGE 
nN uw 
oO oO 


So 


01 0-2 03 
CURRENT 
Fig. 2. Current/voltage characteristic of oxide-layer resistors for 
temperature coefficients « = 0 (curve 1), « =—0-37 % per °C (curve 2), 
and « =—0-75% per °C (curve 3). 

Continuous operation over periods of three months 
also showed only small deviations (from —0-38% to 
+ 1:1%) from the initial resistance values of various 
samples. With unvarnished samples, there was an initial 
decrease in resistance of about 3%, owing to drying out 
caused by the flow of current, as in the case of carbon 
resistors’. However, drying is completed after 2 to 3 days. 
In dry air, the variation is less than +1%. On the other 
hand, the resistance of varnished samples remains prac- 
tically unaltered, even after fairly long storage. 

When constancy is the main requirement, oxide-layer 
resistors should not be subjected to loadings greater than 
0-15 to 0-2 W/cm2, corresponding to a surface tempera- 
ture of the order of 100°C. A few overloads to two or 
three times this value, however, will have no effect, but 
repeated overloads may cause changes in resistance of 
from 1 to 2%. 
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AGEING 

Particularly interesting results were obtained in ageing 
tests, which were carried out at temperatures of from 400 
to 1000°C. It was found that there is a fundamental 
difference between layer resistors with positive and 
slightly negative temperature coefficients on the one hand, 
and resistors with a pronounced negative temperature co- 
efficient on the other hand. With the former, there is a 
more or less pronounced increase in resistance after heat 
treatment, and the temperature coefficient, even when 
originally positive, becomes negative. However, in the 
case of resistors with a pronounced negative temperature 
coefficient, heat treatment produces a decrease in resist- 
ance, together with flattening of the resistance/tempera- 
ture curve. These changes were more marked at 900 or 
1000°C than at the lower temperatures (400 to 600°C). 
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RESISTORS WITH HIGH WATTAGE RATINGS 


The investigations showed that the stable operating 
range could be increased very considerably by using 
multi-layer elements, i.e., resistors having not one but 
several layers of different compositions deposited on the 
ceramic base. Multi-layer tube-type resistors of 50 to 
60 cm in length and about 5 cm o.d. were fitted with 
terminal connections and subjected to intensive heating 
by direct passage of current for five consecutive 100-hr 
periods at 600, 700, 800, 900, and 1000°C. Fully re- 
producible results were obtained with different specimens, 
and the curves given in Fig. 3 show that comparatively 
little resistance variation occurs up to 800°C. The 
resistors withstood the 1000°C test without failure, in 
spite of the previous 400-hr heating. 
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Fig, 3. Resistance of multiple-layer resistor tubes with direct passage of 
current, as a function of eee = for various operating tempera- 

The cold resistance, determined from current and 
voltage measurements, was initially 12:5 ohms; after 
heating at 900°C it reached 35 ohms and then increased 
to about 100 ohms in the last 100 hours at 1000°C. 
Therefore, it appears that the initially slightly positive 
temperature coefficient became negative as a result of 
heating. Smaller resistance elements of this type, of about 
5 cm in length and 1 cm o.d., behaved even more favour- 
ably under similar conditions. With heating periods of 
more than 2000 hr at 900 to 1000°C, the high-temperature 
resistance increased by 10 to 20%, whereas the cold 
resistance reached figures twice or even four times that 
of its initial value. 


PossIBLE APPLICATIONS 


The two main properties which make the use of oxide- 
layer resistors a matter of practical interest are (1) their 
negative temperature coefficient and (2) their stability at 
high temperatures. 

Admittedly, resistances with a negative temperature 
coefficient have been known for a long time ; for in- 
stance, there are the thermistors, previously mentioned, 
which at room temperature have an a-value of —2 to 
—6% per °C, and also the carbon-layer resistances, for 
which a is situated between —0-15 and —0:02°% per °C. 
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However, what has been lacking hitherto has be: ; the 
negative counterpart to the temperature coeffici .t of 
pure metals (+-0-4 to +0:6% per °C). In electrical j-:stry- 
ments, this positive temperature coefficient can i+: the 
cause of error in indication, owing to the change in . esist- 
ance of the copper coil when subjected to tempe: ature 
fluctuations. To compensate this error, various circuits 
are used®. The simplest solution would be to use a series- 
connected resistance with a negative temperatuic co- 
efficient. Thermally sensitive resistors have bee: em- 
ployed for this purpose but, because of their low degree 
of constancy and exponential temperature dependence, 
they provide compensation only within narrow tempera- 
ture limits. Oxide-layer resistors with a temperature co- 
efficient of —0-4% per °C, as compared with copper, 
which has a coefficient of +0-4% per °C exhibit, however, 
an approximately linear temperature characteristic, so 
that, with these in series, compensation is possible to a 
considerable extent. 

In a test, the total measured value of resistance was 
217-7 ohms at 22:6°C and 217-97 ohms at 46:6°C (the 
resistance of the oxide layer being 112-1 onms and that of 
the copper coil 105-6 ohms, both at 20°C). In another 
temperature compensation test, the same oxide-layer 
resistor was connected to a platinum resistance thermo- 
meter, both of which had, at room temperature, approxi- 
mately the same resistance, with equal and opposite 
temperature coefficients. In this case also, the sum of the 
resistances of the oxide layer and the platinum remained 
practically constant (219-86 ohms at 21-8°C and 219-73 
ohms at 49-4°C), the temperature-dependent decrease in 
resistance of the platinum being slightly overcompensated 
by the semiconductor only at the lower end of the range. 

The stability of multi-layer elements heated by direct 
passage of current indicates the possibility of their use as 
tubular heaters. At operating temperatures of 700 to 
800°C, a service life of several thousand hours can be 
expected. 

The maximum wattage rating for freely radiating 
tubes is about 10 W/cm2. In furnaces, such tubes can 
still operate at 2 to 3 W/cm? when fitted into furnace 
walls. The intention is not so much to produce these 
tubes as a substitute for the usual domestic heater units, 
although this would be conceivable in the indicated 
temperature range, but to recommend that they be em- 
ployed, for instance, for the heating of fairly large areas 
or for other special applications. 
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Designing Machine Tools for Automatic Control 


By C. B. SuNG. (From a paper presented at the ASME Design Engineering Conference, New York, 
May 22, 1957, 40 pages, 13 illustrations.) 


THE computer and feedback control techniques developed 
during the past decade have been largely responsible for 
progress in converting from mechanization to automatic 
control. Machines and equipment are no longer mere 
labour-saving devices or energy converters, but are cap- 
able of self-regulation by means of internal systems. 
Many machines even have a brain-type mechanism which 
is capable of interpreting brief instructions in coded form. 
Indeed, these machines and equipment should be more 
appropriately regarded as systems, since most of the 
elements and components involved are interrelated and 
interdependent. Consequently, the systems concept must 
prevail and integrated design becomes a necessity. 

Perhaps one of the most interesting developments to 
illustrate the state of automatic control is a numerically 
controlled machine-tool sysiem. A typical system of this 
type, developed by the Research Laboratories Division 
of the Bendix Aviation Corporation, U.S.A., manu- 
factures finished parts directly from numerical data 
representing working-drawing information. It consists of 
two sub-systems, i.e., a tape preparation system and a 
tape-controlled machine-tool system. The tape prepara- 
tion system produces control tapes from working draw- 
ings, the control tape being applied to the machine con- 
trol unit, which interprets the perforations on the tape 
and commands the machine to make the desired part. 
The control tape may be stored indefinitely and re-used. 

The process tape is made simply by typing a duplicate 
of the process card on a tape perforator, which is equipped 
with a regular typewriter keyboard. The process tape is 
then fed into the computer, which calculates the feed- 
rate information, computes the cutter-centre offset, 
generates the intermediate points, and finally punches the 
control tape, which contains a coded representation of 
incremental tool movement from one intermediate point 
to the next in the desired sequence. Since, in this parti- 
cular system, the machine control unit performs linear 
interpolation between the intermediate points, the com- 
puter is required to calculate these points along the 
curved path, so that the finished part is within the speci- 
fied accuracy or surface finish. 

The tape-controlled machine-tool system is composed 
of two major parts, i.e., a machine control unit and a 
machine. The machine control unit contains the intelli- 
gence part of the system, while the machine accommo- 
dates the power part and sensing elements. Fig. | is a 
simplified functional block diagram of the tape-controlled 
machine system for simultaneously controlling the motion 
of three axes. The control tape is intermittently read by the 
machine control unit just one step prior to the respective 
machining operation. A section of the tape, usually less 
than 2 in. long, representing the incremental tool motion 
between two intermediate points, is fed through the tape 
reader only when required by the machine control unit. 
The information is then stored in a buffer storage, so 
that the eventual input command to the machine is 
always of a continuous nature, unless the control tape 
commands otherwise. The interpolator linearly inter- 
Polates the information and issues commands in the form 
of electrical pulses simultaneously to the three axes at the 
Tespective specified rates. In a typical case, each pulse is 
chosen ‘5 represent 0-0002 in. of travel. Also, each axis of 
Motior has geared to it a “‘ quantizer ”, which is a rotary 
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digital instrument sensitive only to displacement and 
insensitive to speed, and which produces a feedback pulse 
for each 0-0002 in. of travel. 

For each axis, there is an error register. This unit 
receives command pulses from the interpolator, and 
feedback pulses from the quantizer, continuously com- 
paring these two signals and transmitting the difference, 
known as the error signal, to the servo-amplifier. Through 
the servo-amplifier and the related circuitry, the error 
signal is converted into analogue form and amplified. 
This amplified signal actuates the hydraulic drive, which, 
in turn, meters and transmits power from a hydraulic 
supply to the respective slide against the various types of 
load disturbances, including inertia, friction, and cutting 
forces. Since a portion of the system, as shown in Fig. 1, 
employs the concept of feedback control, it is known as a 
feedback-control, servo-, or closed-loop system. These 
terms are used synonymously in this discussion. 

Recent technological advances have already proved 
that an automatic machine-tool system is no longer a 
laboratory model, but rather a practical and reliable 
manufacturing tool. Thus, for example, one particular 
tape-controlled three-dimensional cam machine has been 
in successful operation for a period of over 12,000 hr. 

The industry shows a rapid trend towards more auto- 
matic control. This trend, however, could definitely be 
hindered by the improper application of automatic 
control techniques in both economical and technical 
senses. It should be recognized that certain types of 
machining operations are more economically suitable for 
automatic control than others. At present, the application 
of automatic control to these other types will result only 
in marginal improvements, and the justification of such 
an application is largely governed by the cost of control 
equipment. There are still other types of operations from 
which an economical yield by means of automatic control 
cannot be anticipated for some time. When applying 
automatic control to a given type of machining operation, 
the choice between the adaptation of an existing machine, 
the extensive modification of an existing machine, and the 
designing of a new machine is again dictated by economy. 

The need for automatic control may not always be 
obvious if the viewpoint is focused on machine tools of 
existing form, with automatic control merely as an added 
improvement. Perhaps another way of visualizing the 
benefit of automatic control is by examining how certain 
parts could be better produced. An even more radical 
method of evaluating the application of automatic 
control is to ascertain how some machines and equipment 
can be better designed and more economically con- 
structed. In this way, the meaning of integrated design is 
truly achieved in its broadest sense. 


INTEGRATED DESIGN 


In the design of machine tools for automatic control, 
many challenging problems are presented. A designer 
must often decide whether it is just a matter of adding 
control devices to an existing machine tool or whether 
there are some basic design considerations involved. 
Indeed, it is highly conceivable and feasible that many 
existing machine tools may be adapted for automatic 
control merely by adding the appropriate machine con- 
trol units, servo-drives, and feedback instruments. 
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Fig. 1. Simplified functional block diagram of a tape-controlled machine-tool system. 


At the turning point between mechanization and 
automatic control, the need for integrated design becomes 
even more important. From the functional viewpoint, 
there are apparently two aspects to consider in integrated 
design, i.e., the manual control aspect and the automatic 
control aspect. 


Manual Control Aspect :— 


In handling small-lot production and also in the 
manufacture of prototype parts, the initial set-up of 
workpiece and cutter still relies on human effort. Never- 
theless, by utilizing or sharing some of the inherent 
features of control devices, a substantial saving in both 
equipment and effort can be realized. This approach can 
be illustrated by the use of servo-mechanisms for sensitive 
manual adjustment and the use of feedback instrument- 
ation for accurate measurement. The saving in down- 
time for set-up is especially important because, with 
automatic control, the equipment becomes more valuable, 
both with regard to its higher initial cost and higher 
productivity. 

Manual control becomes even more important during 
the automatic control mode. It is not realistic to con- 
sider that human attention is not required during the 
tape-controlled phase of the operation. It is true, how- 
ever, that the amount of human attention may be drastic- 
ally reduced. During the automatic control mode, the 
function of the operator is to supervise operation of the 
machine and not to exercise close control. In order to be 
able to command temporary changes in operation to 
meet unexpected conditions, there should be sufficient 
flexibility designed into the system. For instance, if the 
material or design of the cutter is different from that of the 
original specification, the operator should be able to make 
a simple adjustment to alter the feed rates so as to meet 
metal-removing requirements without upsetting the 
continuous automatic operation. If it is required to make 
a check on the cutter and/or the part, he should be able, 
without difficulty, to stop the operation, withdraw the 
cutter, make the check, and restart the operation. Thus, a 
definite requirement exists for manual override of the 
automatic control, and such a phase must be considered 
in the integrated design. 


Automatic Control Aspect :— 


Since, during the automatic control mode, neither 
detail command nor close control is handled by the 
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operator, the dynamic response of the machine tool to 
any given command from the tape is no longer limited 
by human response. To design a machine tool with 
adequate dynamic response, so as to take full advantage 
of the benefits of automatic control, designers must 
follow the approach of integrated design or what is 
sometimes designated “systems engineering”. The 
essence of this approach may be stated as consisting of 
three phases, i.e., the establishing of system requirements, 
servo-systems engineering, and finalization of overall 
design. 

The establishing of overall system requirements, type 
of automatic control, and machine configuration includes : 

(1) Formulating such performance requirements of the 
machine tool as types, sizes, and materials of the 
parts to be machined ; machining processes in- 
volved ; nature of the information required for 
machining ;_ stock-removal capacity ; accuracy 
and surface finish of the finished part ; and required 
control features and auxiliary functions. 

(2) Selecting the type of automatic control system 
which will result in a maximum economic yield 
when integrated with the machine. 

(3) Determining the capacity or power of the work- 
holding and cutter-holding devices. 

(4) Establishing optimum machine configuration and 
the desirable stiffness under various orientations. 

The performance of servo-systems and the obtaining 
of preliminary layouts of servo-equipment and related 
elements necessitate :— 

(1) Reducing performance requirements to a set of 
specifications covering both steady-state and 
dynamic operation of various moving axes under 
servo-control, e.g., range of travel; estimated 
weight of moving members ; range of feed rates 
and rapid traverse rate ; type of input command ; 
nature and magnitude of load disturbances ; 
resolution of feedback instruments ; static accur- 
acy ; amount of permissible hunting, if any ; pet- 
missible steady-state error ; and transient error 
under various cutting loads. 

Expressing specifications in terms of a set of lower- 
bound design criteria for all the components 
affecting servo-performance, such as power 
delivered or transmitted ; speed range; un- 
damped natural frequency ; friction eharacter- 
istics ; inertia ; and amount of permissible back- 
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lash of the drive units, drive mechanisms, feedback 
mechanisms, feedback instruments, and machine 
members. 

(3) Choosing qualified components and making 
realistic alternative layouts to fulfil dynamic 
specifications, as well as other considerations such 
as reliability, maintenance, capital investment, and 
cost of operation. 

(4) Performing both open-loop and _ closed-loop 
dynamic analysis of alternative layouts. 

(5) Comparing the results of analyses of various 
systems, and determining whether system perform- 
ance will remain acceptable with reasonable vari- 
ation of critical parameters. 

(6) Making mock-up tests or simulation studies, if 
necessary, to confirm some of the assumptions. 
Finalizing of overall specifications, layouts, and 

detailed design entails :-— 

(1) Choosing a layout with one of the best overall 
ratings and making the necessary compromise on 
original specifications. 

(2) Making a set of complete layouts and design 
criteria by integrating all finalized specifications 
and stating allowable variations of critical para- 
meters. 

(3) Proceeding with detailed design accordingly. 

(4) Formulating a set of simple tests, as an aid to 
assembly work, for checking friction character- 
istics, stiffness, amount of backlash, amount of 
preload in bearings, and alignment of the relatively 
critical components and assemblies. 


MACHINE-TOOL SERVO-MECHANISMS 


A functional block diagram of a typical machine- 
tool servo-system for automatic control is shown in Fig. 2. 
This essentially consists of the servo-portion of the overall 
system shown in Fig. 1 in a more generalized form. The 
intelligence part, usually handled by electric and/or 
electronic equipment, may be either digital or analogue. 
The servo-actuator, which is the centre of the servo- 
system, converts the amplified error signal into motion 
and may be an electric motor or a fluid actuator. The 
drive mechanism consists of a gear-train, a rack-and- 
pinion arrangement, a lead-screw, or some combination 
of such deviees. There may be no need to employ a drive 
mechanism, if rectilinear motion is directly controlled by 
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a rectilinear actuator, and rotary motion directly con- 
trolled by a rotary motor. The controlled machine 
member may be the work spindle, the cutter spindle, the 
machine slide carrying the work or cutter, the inter- 
mediate machine slide, or the lead-screw driving the 
machine slide. The feedback instrument may be either 
rectilinear or rotary, and gearing may be used between 
the instrument and the controlled machine member. 

Four types of controls are required for machine-tool 
applications, i.e., (1) position control, such as that used 
in jig-boring and drilling operations ; (2) rate control, 
such as that used in variable-speed spindle control ; 
(3) position and rate control, such as those used in 
turning operations ; and (4) continuous contouring or 
instantaneous position control, such as those used in 
milling operations. 

A position-control servo may be effectively used as a 
rate-control servo, but generally the reverse is not 
practical. From these four different types of control, it 
becomes obvious that the quality of servo-mechanism 
needed is not only governed by the capacity, productivity, 
and precision requirements of the machine tool, but also 
more fundamentally by the type of control involved. For 
example, type (1) requires only static position accuracy, 
while type (4) requires both static and dynamic position 
accuracy and sometimes feed-rate regulation. For the 
same class of machines, type (4) would undoubtedly need 
a higher-quality servo than type (1). 


Characteristics of Servo-Actuators :— 


Before the meaning of the quality of a servo-mechan- 
ism can be discussed, it is advisable initially to consider 
the characteristics of a servo-actuator. For the type of 
servo-actuator generally used for machine-tool control, a 
given actuating signal produces a certain constant rate of 
change of position. There are servo-actuators which, on 
receiving a given signal, produce a certain position or 
acceleration output rather than velocity. In this dis- 
cussion, only the type of servo-actuator with a velocity 
output is considered. This type is perhaps most frequently 
utilized and is the most suitable for both position control 
and continuous contouring control. 

One of the primary reasons in using servo-mechan- 
isms for machine-tool control is to achieve accurate 
position control without the requirement for predicting 
the exact magnitude and nature of load disturbances, 
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Fig. 2. Functional block diagram of a machine-tool servo-system. 
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provided that they vary within the bounds for which the 
servo-mechanism is constructed. Therefore, the char- 
acteristics of the servo-actuator with respect to load- 
handling capability is of vital importance. In general, the 
static characteristics of a servo-actuator can be expressed 
in terms of two factors, i.e., gain and load sensitivity. 
For a given constant load on the actuator, the gain is 
defined as the velocity output of the servo-actuator for 
each incremental unit of actuating signal. For a given 
constant velocity of the actuator, load sensitivity is 
defined as the force or torque output of the servo- 
actuator for each incremental unit of actuating signal. 
For servo-actuators with linear characteristics, gain and 
load sensitivity remain the same at various velocity and 
load levels. In other respects, the servo-actuator is known 
to have non-linear characteristics. 


Response of Servo-Actuators :— 


The quality or performance of a machine-tool servo- 
actuator is actually a measurement of its response and 
stiffness under both steady and dynamic conditions. The 
response of the actuator is defined as its ability to follow 
the input command. In order to illustrate the meaning 
of the principal governing factors, it is assumed that the 
actuator is under a constant load disturbance. The 
loop gain k,[sec-!] and band-width @,[rad/sec] may be 
regarded as two major factors governing servo-response. 
The loop gain for the servo has the same meaning as the 
gain of the servo-actuator. Referring to Fig. 2, it is the 
ratio between the output steady-state velocity of the 
controlled machine member and the amount of error 
signal required to produce such a velocity. For this 
reason k, is also known as the velocity-error constant. 
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Fig. 3. Measurement of servo performance, illustrating (a) servo 
response to a severe input, and (b) servo deflection due to an impact load. 


Prior to defining the term band-width, the technique 
of frequency response may be introduced. In analysing, 
synthesizing, and testing various systems with regard to 
their dynamic performance, a convenient technique 
(frequency response) is often used. Essentially, by apply- 
ing a sinusoidal input of a certain frequency to a linear 
system, the output is also a sinusoidal motion of the same 
frequency. The dynamic properties of the system can be 
better understood by studying the amplitude ratio and 
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phase shift between the output and input at  arioys 
frequencies*. The frequency at which the ar ~litude 
ratio begins to deviate appreciably from unity or : which 
the phase shift becomes 90 deg. may often be us: d as q 
qualitative measurement of the dynamic prope~ties of 
both open-loop and closed-loop systems. For most 
systems, the frequency at a 90-deg. phase shift :may be 
regarded as the undamped natural frequency ‘or the 
lowest mode of motion. In this discussion, the band- 
width @» is arbitrarily defined as the frequency for the 
— 3 db point (or approximately 0-7 amplitude ratio) or 
90-deg. phase shift, whichever is the first to occur. 
Although this type of qualitative measurement is basic- 
ally for linear systems, if properly applied and interpreted, 
it may also be useful in dealing with non-linear systems, 

For machine-tool servos, one of the most severe 
input commands is to order an inert machine member to 
reach full feed rate instantaneously and then to stop 
instantaneously. Fig. 3a shows the response of a typical 
machine-tool servo to such an input and indicates the lag 
between the output and input. According to the definition 
of k,, the steady-state error es can be obtained as 


és=v/k» {in.] .. 8 -« 10) 


where v = velocity input [ips.]. 

Also, the maximum transient error emax may be 
estimated from the following approximation :— 

€max = v/@» [in.] Ee w @Q) 

If ky and @» of a linear servo have values of{1000 and 80 
respectively, with an input command moving the machine 
member from zero to 30 ipm, the steady-state and 
maximum transient errors can be estimated as 0-0005 and 
0-0063 in. respectively. Eq. (2) is not an accurate approxi- 
mation, and usually the result of such an approximation 
may deviate from the exact value by as much as 30°. 

It is apparent that the higher are the values of k, and 
@p, the better is the response of the servo. For a given 
design, however, there are limits to how high these 
values can be before the system becomes or tends to 
become unstable. The band-width of the servo is an 
indication of the resulting dynamic response of the 
amplifier, the dynamic properties of the actuator, and the 
inertia, spring, and friction effects of all the elements 
directly affecting the loop. In general, the component 
with the lowest band-width in the loop determines the 
upper limit on the servo band-width. It is also possible 
that the limit is governed by some elements outside the 
loop. Proper design of compensating networks in the 
servo-amplifier may considerably improve the value of 
ky, but they should not be relied upon to make appre- 
ciable improvements on @». Without the use of a com- 
pensating network, the ratio k,/w» for a relatively stable 
machine-tool servo is usually in the range between 0:7 
and 2. By means of a compensating network, the value 
of k, may be raised by a factor of 10 or 20, or even higher, 
without causing an appreciable reduction in @». T00 
high an increase in k,, however, often lowers the dynamic 
response of the servo, if a given margin of stability is to be 
maintained. 


Stiffness of Servos 
The values of k, and @» have a similar direct influence 
on the stiffness of the servo. Fig. 3b illustrates the 
(Continued on page 398) 


*H. CHestNuT and R. W. Mayer: ‘ Servomechanisms and 
Regulating Systems Design (Vol. I)”’ ; Wiley & Sons, Inc., N.Y., 
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Microsectioning as a Metallographic Technique 


for Semiconductor Devices 
By J. S. HANSON. (From JBM Journal of Research and Development, 
Vol. 1, No. 3, July 1957, pp. 279-288, 11 illustrations.) 
In this article details are given of a microsectioning technique which permits metallographic 
sectioning of fragile semiconductor devices, without the difficulties and possible damage to specimens 
associated with conventional techniques. 


SPECIMENS of semiconductors selected for microsectioning 
may fall into a number of categories, including those 
with abnormal physical or electrical characteristics. In 
the case of a p-n-p alloy-junction transistor, for example, 
containing very thin sections of hard, brittle germanium 
adjacent to soft indium, specimens cannot be embedded 
or potted for sectioning by conventional pressure- 
moulding techniques, because of the possibility of 
fracturing the germanium. Furthermore, they cannot be 
polished by resilient fabrics charged with abrasives, 
because of rounding off of the edges of the germanium. 

This paper describes a metallographic sectioning 
technique which overcomes these difficulties and which 
permits preparation of specimens in a reasonable amount 
of time, utilizing miniature containers having a diameter 
more compatible with the physical size of the specimens. 

The first step in the procedure is a careful inspection 
of the specimen under both metallurgical and sterec- 
microscopes for geometry, surface data, and external 
defects pertaining to a particular study. If the specimen 
is one of a kind, or one which exhibits unusual electrical 
characteristics, these observations are of special importance 
in choosing the position of the sectioning plane. This 
choice may not always yield the most data but, if a num- 
ber of specimens is available from the same lot, various 
sectioning possibilities may be distributed among a suffi- 
cient number of samples for the greatest yield of 
information. 


SELECTION OF SECTIONING PLANES 


Selection of the sectioning plane is the next step. As 
an example, consider the alloy-junction transistor with 
abnormal recrystallization shown in section in Fig. 1, 

INDIUM COLLECTOR 


— eas 
INDIUM EMITTER 


Fig. 1. Enlarged section of an alloy-junction p-n-p transistor specimen, 

showing abnormal recrystallization. 
and assume that germanium crystallographic orientation 
error and collector eccentricities with respect to the 
washer hole are major considerations, and that it is 
desired to study their effects on alloying and recrystalliza- 
tion behaviour. One plane, e.g., that shown in Fig. 2a, is 
chosen to observe alloying behaviour on the basis of 
maximum eccentricity between the collector and the 
washer hole, with some crystallographic orientation error 
Present, this error in the plane of the section being the 
angle @ between the surface of the germanium die and the 
dotted lines denoting the geometrically flat and parallel 
alloy jun<tions. 

_ Anoihcr sectioning plane is also selected, as shown in 
Fig. 2b, t: observe maximum crystallographic orientation 
error of “se germanium and its effect on alloying be- 
haviour, - ith almost maximum eccentricity between the 
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collector and the washer hole. It is not possible to deter- 
mine this particular sectioning plane on every specimen, 
because some transistors lack the necessary externally 
visible collector-emitter formations and germanium 
etch-pit geometry. A third plane (Fig. 2c), approximately 
90 deg. from the plane in Fig. 2b, reveals alloying be- 
haviour with negligible crystallographic orientation error. 




















Fig. 2. Enlarged sections of an alloy-junction transistor specimen, 


illustrating various sectioning-plane possibilities. 

Many specimens are sectioned only for a determina- 
tion of the junction spacing or for a study of some large 
externally visible defect or an unusual alloying behaviour. 
It becomes a simple matter, then, to lap down and inspect 
alternately, until the sectioning plane appears to pass 
roughly through the centre of the configuration being 
studied. If the configuration is only 0-001 in. or so in 
size, however, a more precise location of the sectioning 
plane is required, and it is then necessary to note its 
position with respect to a reference point on the periphery 
of the washer. Subsequent micrometer caliper measure- 
ments from a datum plane tangent to the washer at this 
reference point determine when the sectioning plane is 
reached during lapping and polishing operations. 


MOUNTING OF SPECIMENS 


Since the specimens are only about } in. o.d., it is 
convenient to use small transistor encapsulation cans 
(0-215 in. o.d. x 0-3 in. high) as mounting containers. 
This saves a great deal of the time and labour required to 
lap and polish samples mounted in conventional con- 
tainers of 1 in. or more in diameter. 

The mounting material in which the specimen is 
potted should have the following properties :— 
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(a) Low viscosity to permit flow into microscopic 
crevices in the specimen witheut trapping air bubbles. 

(b) Negligible shrinkage during hardening. 

(c) Sufficient hardness and toughness for approximately 
the same rate of wear as the specimen during lapping 
and polishing. 

(d) Good adherence to surfaces, to preserve specimen 
edge details. 

(e) Negligible tendency for the surface to load up with 
grit particles during lapping and polishing. 

(f) Negligible attack by strong acid mixtures. 

In the course of a search for better potting materials, 
it was noted that a particular stopping-off lacquer com- 
monly used in the electroplating industry for selective 
masking had desirable qualities of hardness, toughness, 
and tenacity, when used as a coating material for speci- 
mens. When diluted with an equal amount of lacquer 
solvent, it effectively wets metal surfaces and flows into 
narrow crevices without trapping air bubbles. The 
coating thickness can be built up by successive dippings 
until corner radii are large enough to permit the use of an 
otherwise too viscous epoxy resin compound. 

If dipping with stopping-off lacquer is impracticable 
for any reason, prefilling small recesses in the specimen 
with a globule of epoxy resin on the point of a sharp 
needle, or drawing a momentary vacuum on specimens 
precoated with resin, just before potting, may perhaps be 
more convenient. Potted specimens are allowed to 
harden overnight at room temperature, in order to avoid 
thermal distortion and pulling away of the potting 
material from the specimen. Greater care is used in 
potting specimens requiring lapping and polishing to 
within + 0-0001 in. of the desired sectioning plane, since 
the reference plane must be normal to the axis of the 
mounting container. 


MECHANICAL ROUGH-LAPPING 


If there are many specimens to be microsectioned, it is 
more practicable to resort to a mechanized rough-lapping 
operation to secure uniformly good quality than to 
attempt to do it by hand. A machine, called the micro- 
sectioner, has been developed for this purpose and 
consists essentially of a horizontal motor-driven turn- 
table surfaced with abrasive paper, on which rides a 
rapidly oscillating arm carrying the specimen, which is 
mounted in an accurately machined brass sleeve. 

Specimens requiring lapping and polishing to within 

+ 00001 in. of the desired sectioning plane are first 
lapped on the microsectioner until a previously designated 
reference point lies in the lapping plane. A micrometer 
caliper measurement of the initial overall length of the 
specimen and sleeve is then noted, and lapping is con- 
tinued until the final measurement is reached, the differ- 
ence between these measurements being the distance 
from the reference point to the desired sectioning plane, 
with an allowance for polishing. 


POLISHING TECHNIQUES 


In most semiconductor specimens, the rough-lapped 
surface is characterized by hard, brittle areas adjoining 
very soft areas. The surface must be polished to a high 
degree of perfection in both flatness and optical reflec- 
tivity before it can be observed under a metallurgical 
microscope for the study of cross-sectional configurations. 

If resilient polishing fabrics or papers charged with 
abrasive are used, as in conventional metallographic 
techniques, there is a tendency for softer areas to wear 
down faster and the edges of the hard material to round 


396 


off, thereby obscuring these effects in the microscc: e. Ap 
alternative polishing technique with negligible roi ading. 
off action utilizes a sheet of smoothly stonec hard. 
surfaced vellum or tracing paper dry-charge: with 
0-3 aluminium oxide polishing powder, and a s;:ecimen 
holder, 1 in. in diameter, to keep the specimen surface 
parallel to the polishing plane. 

Alternate polishing and inspection are continued until 
the desired sectioning plane is reached or until the surface 
is of the desired quality. Specimens requiring cxtreme 
accuracy in sectioning-plane position are also checked 
with micrometer calipers during polishing, to determine 
when the sectioning plane is within 0-0001 in. of the 
desired position. Specimens containing fragile te. 
crystallization formations are polished very carefully 
with a straight-line motion in a direction parallel to these 
configurations, to avoid damage. 

Whenever the vellum becomes darkened it is cleaned 
with trichlorethylene or some other suitably volatile 
solvent and is recharged with polishing abrasive. 

After polishing is completed, significant surface 
configurations are noted and photographed, since they 
will be partially obliterated by a subsequent junction- 
etching treatment. The specimens are left undisturbed 
in the sleeves until all lapping, polishing, and _pre- 
liminary microscopy are completed, after which the 
specimens are removed for etching. 


JUNCTION-ETCHING 


The purpose of etching is to create line patterns which 
indicate such factors as alloy- or diffused-junction posi- 
tions within the semiconductor material, alloying be- 
haviour during processing, crystallographic misorienta- 
tion, processing temperatures, upper limit of high- 
frequency response, and interelectrode capacitance. 

The lapped and polished semiconductor surface is 
attacked by the etching solution at a rate depending on 
impurity types and concentrations, crystallographic 
orientation, residual stresses, the severity of lapping and 
polishing operations, etc. If a number of sample speci- 
mens made from material of the same origin is sectioned 
with reasonable care, impurity content then becomes the 
predominant factor governing etch rate, and the optimum 
etching time for best etch-line definition is easily deter- 
mined. Accordingly, one-off specimens are given several 
very short etchings and inspections to avoid over- 
etching and loss of etch-line definition. 

The etching solution most commonly used consists of 
4 parts by volume of HNO3 (70%), 4 parts HF (48°), 
and | part distilled H2O. Another solution sometimes 
used consists of 2 parts HNOs, 1 part HF, | part con- 
centrated H2SOu,, and 1 or 2 parts distilled H2O, depend- 
ing on the desired etching time. The specimen is held 
under a fine stream of the etching solution for the appro- 
priate etching time (usually 14 or 2 sec), rinsed and dried, 
and inspected for etch-line definition. Care must be 
taken to avoid over-etching ; otherwise, the specimen 
must be repolished and etching repeated. 


MICROSCOPY AND PHOTOGRAPHY 


In this investigation, use was made of a metallurgical 
microscope, with a vertical-beam illuminator, an 
objective, and binocular eyepieces, and fitted with a 
special micrometer stage with a 0-1 x 0-1 in. movement, 
reading to 0-00001 in, on the verniers. One x 20 wide- 
field eyepiece contains a 5 x 5 square-net reticle, through 
which the specimen is photographed by means of a 35- 
mm eyepiece-camera, while the other eyepiece contains a 
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graduated cross-scale reticle for maintaining the image 
position and focus of the specimen. 

Measurement of such specimen configurations as 
junction separation, and base and recrystallization region 
thicknesses are customarily made to the nearest 0-00001 
in. on the micrometer stage. Other specimen dimensions 
of minor importance may be noted in terms of reticle 
cross-scale readings. 


INTERPRETATION OF DATA 


The great value of microsectioning lies in the skill 
with which photomicrographs are analysed and evaluated, 
and in the effectiveness of recommended changes to cor- 
rect abnormalities observed in sectioned specimens. 


e b ac 


Fig. 3. Cross-section of part of an n-p-n transistor with [100] oriented 
germanium, showing abnormal recrystallization and non-planar n-p 
boundaries. 


A large number of photomicrographs has been pro- 
duced, and Figs. 3, 4, and 5 illustrate the manner in 
which an analysis is made. In each case A is a view of an 
as-polished section, and B the junction-etched section. 
The superimposed reticle squares are approximately 
0-0047 in. in width. In all cases, a series of overlapping 
pictures was made, to form continuous panoramic photo- 
graphs. 

Fig. 3 shows part of an early version of an n-p-n 
transistor consisting of lead-antimony dots (a) and (db) 
alloyed on the [100] faces of a thin germanium die (c). 
This crystallographic orientation leads to an unstable 
alloying and recrystallization behaviour which is difficult 
to control, the result being non-planar n-p boundaries (d) 


e b 


Fig. 4. Cross-section of an n-p-n transistor, showing parallel-plane n-p boundaries produced by more stable recrystallization 
of [111] oriented germanium. 
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and complex [111] plane configurations (e) between the 
recrystallized germanium and the dot material. Recrystal- 
lization failure and possibly poor voltage breakdown 
characteristics are indicated by the dark areas (f) under 
the emitter and collector dots. 

The geometry of another n-p-n transistor was greatly 
improved by use of [111] oriented germanium, as shown 
in Fig. 4. In the as-polished view A, the germanium 
underneath the dots had recrystallized to practically its 
original thickness at (a). This transistor had been 
given a clean-up etch to reduce back-current leakage, 
so that the germanium outside the dots at (5) is only 60% 
of its original thickness, and considerable undercutting 
around the dot peripheries has reduced the germanium 
thickness to a fragile 20 or 30% of the original at (c) and 
(d). The bond between the germanium and the washer at 
(e) and (f) had numerous pits and blowholes. These are 
objectionable, because contaminants lodged therein 
during clean-up etching are not only difficult to remove, 
but migrate from these crevices at some period after the 
transistor has been encapsulated, destroying its electrical 
characteristics. 

The junction-etched specimen (B in Fig. 4) shows the 
more desirable geometrically flat and parallel alloy junc- 
tions produced by the stable [111] recrystallization plane. 
Alloy penetration depth (and hence junction spacing) 
are more easily and precisely controlled by adjustment 
of the firing temperature, and such junction configura- 
tions provide better high-frequency response without 
sacrificing voltage breakdown limits between emitter 
and collector. The 1-5-deg. crystallographic misorienta- 
tion of this specimen contributed to the “ troughing ” 
effect seen under the periphery of the collector dot at (g). 
This configuration produces deep, narrow crevices during 
clean-up etching which are difficult to clean out. Poor 
dot concentricities also contributed to unsatisfactory 
alloying and electrical characteristics. 

The p-n-p transistor in view A in Fig. 5 shows an 
undesirable laminar recrystallization tehaviour within 
the indium collector dot at (a). Since this configuration 
was extremely fragile, straight-line lapping and polishing, 
only were employed. Polishing was held to a minimum, 
and overall specimen section quality was partially sacri- 
ficed to avoid damaging the 0-0002-in. layer of recrystal- 
lized germanium within the indium collector dot. 
Measurements made on the junction-etched specimen in 
view B showed the alloying or wetting diameter of the 
collector to be 0-0230 in., and the recrystallization dia- 
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meter to be 0:0256 in. Since no clean-up etching had been 
done, it is apparent that an initial recrystallization in a 
direction normal to the [111] face of the germanium die 
had taken place around the collector periphery at (5) 
and (c), before laminar recrystallization in easier direc- 
tions parallel to the [111] face had begun. The upper 
surface of this lamination is actually 0-0008 in. above the 
original surface of the germanium die. 
a 


Fig. 5. Cross-section of part of a p-n-p transistor, showing severe 
laminar recrystallization and emitter retraction. 

Measurements made on the emitter dot of view B in 
Fig. 5 showed that dot retraction had occurred during 
recrystallization. The alloying diameter was 0-0120 in., 
the recrystallization diameter was 0-0190 in., and the 
final diameter was 0-0160 in., indicating that the dot had 
retracted 0-003 in. at (d). Evidence of laminar recrystalliz- 
ation within the emitter dot, 0-0003 in. above the die 
surface, is visible, although efforts to preserve the form- 
ation were unsuccessful. The 0-00011-in. junction 
spacing was one of the closest ever observed in sectioned 
specimens. Bond quality was satisfactory in the section- 
ing plane, although three blowholes were observed in 
the bond fillet before the specimen was potted. Crystallo- 
graphic misorientation was 0-35 deg., and some collector 
eccentricity was noted. 

In general, since p-n-p transistors with laminar recry- 
stallization exhibited increasing back-current leakage as 
clean-up etching progressed, the units eventually had to 
be discarded. Analysis of a typical laminar recrystalliza- 
tion serves to explain this behaviour and shows why such 
recrystallization is objectionable. In the first place, any 
extraneous recrystallization of germanium tends to reduce 
the total amount that would have otherwise recrystallized 
on the parent material of the die, so that an undesirable 
reduction in the thickness of the recrystallized p-region 
occurs. In the second place, a greater reduction occurs 
in more critical areas immediately under the periphery of 
the dot, by reason of the shielding effect of the laminar 
formation just above. The longer the clean-np etch is 
allowed to attack this periphery, the deeper and narrower 
the crevice becomes, and the greater the number of very 
thin recrystallized regions reached by the etchant under 
the dot periphery ; hence, an increase in back-current 
leakage due to cleaning is inevitable. 

In n-p-n transistors having dot material inclusions and 
peripheral trough effects (both contributing seriously to 
reduction in thickness of the recrystallized n-type region), 
deep, narrow clean-up etch crevices were almost always 
formed. 
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CONCLUSIONS AND RECOMMENDATIONS 


On the basis of the foregoing observations an 
photomicrographic analyses made, the following r: 
mendations have been formulated :— 

(1) A tolerance of + 0-1 deg. on the crystallogi phic 
orientation of germanium dies should be adhered : », 

(2) Firing jigs should be reworked to secure imp. oved 
accuracy in the centering collector and emitter dots. with 
respect to each other and to the hole in the washer. 

(3) Firing-temperature cycles should be revised, both 
in heating and cooling, to obtain better alloying and 
recrystallization behaviour. 

(4) The necessary changes in initial surface-contact 
conditions between the germanium die and the washer 
should be made, in order to secure satisfactory bond- 
filler radii and freedom from blowholes and crevices. 

With appropriate minor variations, microsectioning 
can be applied to almost any sub-miniature item. This 
technique permits the preparation of up to a dozen 
specimens per machine per day and is considerably more 
rapid than conventional metallographic techniques. 
Furthermore, use of the microsectioner need not be 
limited to one specimen at a time, nor only to rough 
lapping. 





Designing Machine Tools for 
Automatic Control 
(Continued from page 394) 


deflection of a typical servo in response to an impact 
force or a step change in load. The servo is otherwise 
under a steady-state condition. The steady-state deflec- 
tion ds and the maximum transient deflection dmax may 
respectively be estimated from :— 

ds =f|(ky) [in.] fe a oo 4G) 

dmax = f/Q@r) [in.] ne ee oo I 
where f= magnitude of the step change of load at the point 
where the deflection is measured [lb], and A load- 
speed constant of the servo-actuator reflected at the 
point where the deflection of the servo is measured 
[Ib-sec/in.]. 

Eq. (4) is the same type of approximation as eq. (2). 
From the above expressions, it may be seen that the 
servo stiffness is also governed by a third factor A, which 
represents physically the basic characteristics, quality, 
and capacity of the servo-actuator. 

The stiffness of the servo is very important in both 
positioning and continuous contouring control. In 
positioning control, the minimum requirement is to 
design a servo with sufficient static stiffness to ensure 
that the deflection of the servo under static friction load is 
within the specified accuracy. If the servo is used to hold 
the machine member against cutting loads of an impact 
nature, a high dynamic stiffness may also be required. 
Dynamic stiffness is particularly important in designing a 
milling machine performing a continuous contouring 
operation. As is commonly realized, the milling process 
is actually a series of impact loadings, so that surface 
finish and cutter life are directly governed by the dynamic 
stiffness of the servo. This requirement is further accentu- 
ated by the basic motive in using automatic control, with 
which the machine tool is expected to produce finished 
parts more rapidly and under a heavier cutting load, as 
operation is no longer governed by human responses oF 
delayed by human decisions. 

(To be concluded) 
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SWEDEN 


Water-Soluble Cellulose Ethers as Binders for Foundry Sands 


By R. Moren. (From Gjuteriet, Vol. 47, No. 8, August 1957, pp. 157-165, 19 illustrations.) 


WATER-SOLUBLE cellulose ethers are wid2ly used in diff- 
erent branches of industry as binders, thickeners, emul- 
sifiers, and stabilizers. Cellulose ethers have in recent 
years also found a significant new market within the 
foundry field. The products are applied as core and 
moulding-sand binders, in conjunction with synthetic 
resins, core Oils, and air-setting oils, and as an additive 
to improve the collapsibility of cores and moulds made 
of clay-bonded sand, cement sand, and COz sand. 

By varying the conditions under which the cellulose 
ether is produced, it is possible to modify important 
properties such as viscosity in water solution. Unlike 
starch, dextrin, and other similar products, water-soluble 
cellulose ether does not have any tendency to turn sour, 
to mould, or to ferment under normal conditions, and 
can be produced in qualities that remain constant. 


CELLULOSE ETHER IN COMBINATION WITH SYNTHETIC OR 
NATURAL RESINS TO UNIT BINDERS 


It has long been known that cellulose ethers have a 
number of important disadvantages if they are used 
without suitable strengtheners, i.e., (1) a large proportion 
of water must be added to the sand ; (2) the cores tend to 
have a low dry strength and brittle edges ; and (3) in 
medium and heavy castings, those parts of the core 
which are located opposite to the ingates are easily des- 
troyed by metal erosion, this being caused partly through 
lack of strength of the core and partly through too rapid 
decomposition of the binder. In 1951, experiments 
were started in Sweden to investigate the possibilities of 
strengthening soluble cellulose ether, primarily ethyl- 
hydroxyethyl cellulose, by combining it with other pro- 
ducts such as synthetic resins in powder form. The aim 
was to find the most suitable additives which, at the same 
time, were as cheap as possible. By utilizing all feasible 
combinations existing to-day, it is possible to retain the 
attractive characteristics of a sand bonded with cellulose 
ethers, i.e., high green strength and toughness, good plas- 
ticity, low gas content, and excellent collapsibility, and 
at the same time improve dry-strength control and collap- 
sibility to suit actual needs. The difference in baked 
transverse strength at various temperatures between 
ethyl-hydroxyethyl cellulose as sole binder and in com- 
bination with melamine is illustrated in Fig. 1. Among 
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Fig. 1. Raked transverse strength as a function of baking temperature, 
with a baking time of 14 hr. 
: 50% ethyl-hydroxyethyl cellulose + 50% melamine 
(moisture content = 45% 
Curve (2°: Pure ethyl-hydroxyethyl cellulose (moisture = 7:2%). 
Addition of binder in both cases = 1%. 
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the many products which have been tried to improve 
strength, melamine and urea-formaldehyde resin have 
proved especially suitable, but other synthetic resins have 
also given the desired effect. By selecting the most appro- 
priate additives and trying out the best proportions, it 
has been possible to arrive at certain standard products 
which are particularly suitable as “ unit ” core binders. 
The quantity normally added to the sand is about 0-8 to 
1-5%, with a moisture content of about 4 to 5%. 

The baked transverse strength of sand bonded only 
with ethyl-hydroxyethyl cellulose attains a maximum of 
about 130 to 140 gm/mm2? (185 to 200 psi), with a mois- 
ture content of 6% and with a 1-15 to 1-4% addition of 
the cellulose. With a 1% addition, the strength is slightly 
less than 1-30 gm/mm2, falling to about 85 gm/mm2? with 
a 0-5% addition. If, however, the ethyl-hydroxyethyl 
cellulose is combined with melamine, a maximum baked 
transverse strength of about 390 gm/mm2? is obtained 
with a 1°% binder consisting of about 20°, of the cellulose 
and 80°, melamine, with a moisture content of 4:5%. 

However, for most purposes, it is desirable not only 
to obtain a high dry strength, but at the same time as 
high a green strength and toughness as possible. There- 
fore, due consideration must be given to green com- 
pressive strength and shatter index, as well as to dry 
strength, when comparing different proportions between 
ethyl-hydroxyethyl cellulose and melamine. Investiga- 
tions show that the ideal combination, with a moisture 
content of 4:5°%, is a 1% binder containing from 60 to 
80% ethyl-hydroxyethyl cellulose and 40 to 20°, mela- 
mine, giving a green compressive strength of from about 
0-6 to 0-7 gm/mm2 and a shatter index from about 65 
to 70%. This also agrees with industrial experience. 

It has been found desirable to produce core binders 
based on cellulose ethers and synthetic resins in the form 
of a powder, to facilitate handling both in shipping and 
use. The powder should be such that it can be stored for 
an unlimited length of time. 

When using these unit binders, the desired quantity 
is mixed dry into the sand. The necessary amount of 
water is then added and the mix mulled to full strength. 
The time of mixing is the same as for cereal binders, 
provided that the cellulose ether is in the form of a fine, 
quickly dissolved powder in which the synthetic resin has 
been evenly distributed. The variation of green and dry 
strengths as a function of the amount of binder added 
for different moisture contents is shown in Figs. 2 and 3, 
in which the binder consists of a commercial compound 
of ethyl-hydroxyethyl cellulose and melamine. 

With the practical experience now available it is 
possible to manufacture combinations of cellulose ethers 
and synthetic resin suitable for all kinds of metal castings, 
e.g., aluminium alloys, magnesium alloys, copper alloys, 
tin, lead, grey iron, malleable iron, and steel. Cores 
made with these binders are baked in ovens in the usual 
way. Since cellulose ether can be dried dielectrically 
with advantage, cores produced with cellulose ether com- 
bined with synthetic resin may be quickly baked in a 
high-frequency oven. 

By addition of a hardener and by proper balancing 
of cellulose ether and resin, it is possible to obtain a sand 
from which small cores can be made without baking. 
These cores are air-setting and harden after a few hours. 

The gas content of core sand containing a binder 
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based on cellulose ether and synthetic resin is very low. 
For example, with a 1% addition of a commercial binder, 
the gas content is only about 13 cc/gm of the core sand. 
A core made with cereal binder and core oil normally 
has a gas content of 20 to 30 cc/gm. 

It is usually desirable that the core collapses com- 
pletely after the casting has solidified. This is especially 
important with light alloys and thin-walled iron 
castings, which are particularly susceptible to cracking 
due to contraction. The same applies to all castings 
where the core is more or less completely surrounded 
by metal, and in all cases where it is difficult to remove 
the core sand completely by mechanical means. Cellulose 
ethers combined with synthetic resin are, in this respect, 
superior to all other known types of binders. 
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Fig. 2. Green compressive strength as a function of the amount of 
binder, for different moisture contents. 
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Fig. 3. Baked transverse strength as a function of the amount of binder, 
for different moisture contents. 
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With regard to the comparative properties of dif. rent 
soluble cellulose ethers combined with melamine ests 
on two types of methyl cellulose have shown tha’ this 
material gives unsatisfactory dry strength and is _ .ere- 
fore unsuitable. Also, as carboxyethyl cellulose 5 ex- 
tremely hygroscopic, it is not acceptable as a tinder 
ingredient. The cellulose ethers which were teste:: and 
proved to be suitable as binders in combinatior: with 
melamine are ethyl-hydroxyethyl cellulose, mthyl- 
hydroxyethyl cellulose and hydroxyethyl cellulose. 


WATER-SOLUBLE CELLULOSE ETHERS IN CEMENT SND 


As long ago as the 1940’s, it was discovered in Ger- 
many that water-soluble cellulose ethers were suitable 
additives to cement sand. By such additions the sand 
attains a desirable green strength, and at the same time 
collapsibility is considerably improved. As the cellulose 
ether delays the setting of the cement, it is necessary to 
add an accelerator, e.g., calcium chloride, particularly if 
hardening takes place without heat, which is normally 
the case in cement moulding sand. 

It has been shown that combinations of cellulose 
ethers and synthetic resin in cement sand give a still 
better dry strength than cellulose ethers alone. Addition 
of calcium chloride results in rapid hardening, which 
often enables the pattern to be stripped from the mould 
immediately. Under favourable conditions, it is possible 
to pour the casting only 24 hours after moulding. 


WATER-SOLUBLE CELLULOSE ETHERS REPLACING CEREAL 
BINDERS IN OIL-SAND 


Certain cellulose ethers can advantageously replace 
cereal binders in oil-sand. If, for example, ethyl-hydroxy- 
ethyl cellulose is substituted for starch, it is necessary to 
use a quantity corresponding to only 15 to 20% of the 
usual amount of starch to obtain the same green strength 
and roughly the same dry strength. If ethyl-hydroxyethyl 
cellulose is used in conjunction with linseed oil, the dry 
strength is somewhat lower than with starch. This de- 
pends partly on a decrease in the total amount of binder 
added. It is therefore necessary somewhat to increase 
the quantity of linseed oil. In combination with many 
other core oils, ethyl-hydroxyethyl cellulose often gives 
a dry strength which is about the same as with cereal 
binders. 

It should be mentioned that products based on cellu- 
lose ethers and synthetic resin also can be used in oil-sand, 
and in such cases good surface hardening can be obtained 
in the green state. This diminishes the risk of dimen- 
sional changes during baking. 

Baked oil-sand cores containing starch binders stored 
in damp places readily absorb large quantities of mois- 
ture. This happens, for instance, when cores are left for 
some time in a green sand mould before pouring. Here 
the cores lose part—and under unfavourable conditions 
a very large part—of their dry strength, besides giving 
off more gas when surrounded by molten metal. 

A simple check on standard transverse cores shows 
that a linseed-oil core with starch, and to a still higher 
degree such a core containing dextrin, is soft and plastic 
after 24 hours in a green sand mould. Very little of the 
original dry strength remains. 

A linseed-oil core with ethyl-hydroxyethyl cellulose 
added for green strength absorbs only about half the 
amount of moisture absorbed by a linseed-oil core con- 
taining starch when submitted to a similar test. After 24 
hours in a green sand mould, a baked transverse-test 
core made in sand with ethyl-hydroxyethyl cellulose and 


THE ENGINEERS’ DIGEST 





ND 
Ger- 
itable 
sand 
time 
ulose 
ry to 
rly if 
mally 


ulose 
| Still 
lition 
vhich 
10uld 
sible 


linseed oil is hard and has a transverse strength at least 
twice as high as the starch/linseed-oil core. 

Not only dextrin and starch have a tendency to 
absorb moisture to such a high degree that only 10 to 
20% of the original day strength remains in a standard 
test core after storing 24 hours in a green sand mould. 
Cores made with carboxyethy] cellulose are highly hygro- 
scopic. Although methyl cellulose and methyl-hydroxy- 
ethyl cellulose absorb comparatively small amounts of 
moisture, their dry strength is unsatisfactory. 

In view of the fact that, according to the experimental 
data obtained, hydroxyethyl cellulose gives a green 
strength of only 0-32 gm/mm2?, as compared with 0-59 
gm/mm? for ethyl-hydroxyethyl, it is obvious that the 
latter product is preferable in this case. 

Cellulose ethers generally require a somewhat higher 
moisture content than starch to give the best green 
strength, and for this reason they have been difficult to 
use in core sand with a moisture content below 2%. 
However, new investigations, not yet finished, show that 
if, through some suitable additive, the pH-value of the 
core sand is kept slightly on the alkaline side, e.g., pH 7 
to 9, it is possible to use ethyl-hydroxyethyl cellulose in 
the same way as starch, even where the moisture content 
is low. Such an additive also increases green strength 
and toughness. 

Thus, according to the desired properties of the cores, 
cellulose ether, together with core oil, can either be used 
in its pure form or be combined with other substances 
eg., sodium metasilicate, which is mixed with cellulose 
ether in a small quantity so that a suitable pH-value is 
obtained in the sand. 

Tests show that green strength and shatter index in 
oil-sand with pH-controlled ethyl-hydroxyethy] cellulose 
are not only superior to those of starch but also to those 
of other tested water-soluble cellulose ethers. 

Ethyl-hydroxyethyl cellulose and even other cellulose 
ethers give off smaller quantities of gas than do starch 
and dextrin. The necessary cellulose-ether addition to 
oil-sand is often considerably smaller than the amount 
of cereal binder needed to obtain the same green strength. 
It is for this reason that the gas content must be consi- 
derably smaller. 

The amount of gas given off per gram of core sand 
containing pH-controlled ethyl-hydroxyethyl cellulose 
and linseed oil is compared with core material containing 
starch and linseed oil in Figs. 4 and 5. From Fig. 5 it 
can be seen that the rate at which gas is emitted is real- 
tively slower in the case of ethyl-hydroxyethyl cellulose. 
The two types of core are approximately comparable 
with regard to green and dry strength. 

When used as a binder to give green strength, cellu- 
lose ether combined with core oil has the following ad- 
vantages, compared with starch or dextrin :— 

(1) It absorbs considerably less moisture from the 
surroundings. 

(2) It has an appreciably lower gas content. 

(3) Collapsibility after casting is appreciably improved. 

(4) A smaller quantity of binder is needed. 

(5) Improved emulsification of the oil can be observed, 
resu'ting in noticeably smoother surfaces, especially 
with: low binder contents. 


THE Uss oF CELLULOSE ETHER TO IMPROVE COLLAPSI- 
BILI"Y IN OTHER CORE AND MOULDING SANDS 


; In many cases it is desirable to increase the collapsi- 
bility ¢’ core and moulding sand after pouring. This 
Proble: exists, for instance, in cores made according to 
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Fig. 5. Rate of gas evolution from core sand containing 2% moisture, 
1% linseed oil, and (curve (1)) starch, or (curve (2)) 90 % ethyl-hydroxy- 
ethy cellulose and 10% sodium metasilicate. 


the COz process or in clay-bonded cores, e.g., for ingot 
moulds. Good collapsibility is also important in water- 
jacket cores for combustion engines, in making larger 
thin-walled parts in light alloy and cast iron, and, as 
mentioned earlier, in cement-sand moulding. 

In the COz process it is advisable to use pure cellulose 
ether, e.g., ethyl-hydroxyethyl cellulose, as an additive 
in the sand up to 1-:5% in difficult cases. Some of the 
dry strength is lost, but this can be compensated by the 
addition of slightly more sodium silicate—in practice it 
is common to use 4 to 5% sodium silicate, together with 
0:2 to 1:5% ethyl-hydroxyethyl cellulose calculated on 
the sand weight. 

In clay-bonded cores for ingot moulds, 0-1 to 0-3% 
pure ethyl-hydroxyethyl cellulose is added. In this way 
it is easy to remove both mould and core sand together 
on the shake-out. 
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Improved Method of Pressing with Rubber Dies 


By G. Yu. POKONECHNY!. (From Vestnik Mashinostroyeniya, No. 6, 1957, pp. 43-45, 9 illustrations.) 


ExisTING methods of blanking components in a press tool 
with a rubber die have a number of substantial draw- 
backs. These include low output, rapid deterioration of 
comparatively expensive rubber, excessively wide spacing 
(15 to 20 mm) between the blanked components, bad 
quality of the sheared edges, and the impossibility of 
simultaneous piercing of small holes or of blanking com- 
ponents with sharp corners in their contours. This article 
describes a new type of rubber die for blanking on 
mechanical presses, which eliminates some of these 
drawbacks and which has proved its value in actual 
service. 
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Fig. 1. 


The punch consists of a die or template of from 4 to 
8 mm in thickness, and the bed, 15 to 20 mm in thickness, 
is a cushion of cord-reinforced rubber made of old motor- 
car tyre covers. A variety of components can be pressed 
in a general-purpose press tool (Fig. 1), in which, within 
a certain range of sizes, only the template has to be inter- 
changed. The top bolster (1) is fixed in the press ram and 
carries the template (2) and ejector pin (3), the latter 
serving to strip the off-cut after punching the central hole 
in components like washers. The lower bolster (4) is 
mounted on the table of the press, and the rubber cushion 
(5) is positioned between two flat bars. The strip is ad- 
vanced by one pitch by means of the stop (6). The shanks 
of the top and bottom bolsters have the same diameter, 
so that they can be interchanged when any particular 
work requires the rubber cushion to be on top. For 
pressing washer-type components of small size, the tem- 
plate is of single-piece construction, with a spigot set in a 
recess in the upper bolster (1) and secured by two screws 
(7). Special provision is made to facilitate stripping of 
off-cuts from the template and to reduce the width of the 
spacing between blanked components to only 4 to 6 mm. 

For blanking a large number of steel components, the 
template is made of tool steel, quenched to a hardness of 
58 to 62 Rockwell C, its operating surface being ground. 
For pressing non-ferrous components, the template can 
be made of ordinary structural steel. Templates for large- 
size components or those of complex shape are made of 
low-carbon steel plate of from 6 to 8 mm in thickness, 


402 





case-hardened and quenched. For blanking sh).:s of 
from 0-3 to 0-4 mm in thickness, it has been found ‘hat a 
template thickness of only 4 mm is quite Satisfictory, 
Different types of templates can be used for blaiiking, 
piercing, flanging, bending, and other operations. The 
thickness of steel stock can attain 1 mm (or even | 5 mm 
for mild steel), and that of non-ferrous alloy stock up to 
2:5 mm. If the rubber cushion is boxed in on ail four 
sides, even greater thicknesses can be pressed. 

The life of the rubber cushion amounts to several 
thousand components and can be increased if the same 
cushion is first used for blanking small components and 
then larger components, or if, during pressing operations, 
the position of the cushion relative to the template is 
varied. 

If the template has a hole larger than the outside 
diameter of the block, the template can be fixed to an 
intermediate plate of from 5 to 7 mm in thickness, which 
is then attached to the block. To improve stock utiliza- 
tion, a number of templates can be attached to the inter- 
mediate plate. In this way, more economical tailoring is 
achieved for each set of components. 

A number of small templates for pressing perforated 
types of components can be attached to the intermediate 
plate in various ways, i.e., by caulking, riveting, screwing, 
or welding. Templates with straight walls can be posi- 
tioned with the help of the first experimental off-cut ob- 
tained after pressing, this off-cut itself acting as a tem- 
plate for positioning the dies, and being fastened, if 
desired, to the plate by screws. When pressing non- 
magnetic materials, use can be made of a plate which 
constitutes a permanent magnet, holding the template 
sufficiently securely until the relative displacement be- 
tween different templates is prevented by means of the 
first off-cut. 

Electromagnetic mounting of templates to a plate has 
special advantages, as it is an easy matter to fix the tem- 
plates on the plate in any required position and hold them 
in place with an electromagnet whose core is in contact 
with the plate. Furthermore, the templates and the mag- 
net can be positioned, as desired, on either the upper or 
lower bolster, depending on convenience in operation. 
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Compound pressing can also be carried out by means 
of the press tool shown in Fig. 2, in which the bed com- 
prises the displaceable knife-edges (1) and (2), which are 
set up with a definite clearance along the template contour 
(3). The forming operation following blanking is carried 
out in a rubber die. 

Compound pressing with rubber offers various poss!- 
bilities. Thus, with an inclinable table or with removal of 
the blanked component and off-cut by means of com- 
pressed air, rubber pressing can be mechanized and 
rendered automatic. 
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5th EUROPEAN MACHINE TOOL 
EXHIBITION 


In the following pages, details are given of a number of items shown at the 5th European Machine Tool 
Exhibition, which is being held this year from September 15 to 24 in the Exhibition Grounds of the Deutsche 
Messe- und Ausstellungs- AG, Hanover. A further selection will be included in our October issue. 


Among the comprehensive selection of hobbing, 
vertical and horizontal gear-generating, rack-generating, 
and gear-shaving machines, together with a range of hobs, 
cutters, and shaving tools, W. E. Sykes Ltd., of Staines, 
Middlesex, are exhibiting the first production model of 
the Sykes VS4A fine-pitch gear-shaving machine 
(Fig. 1). This gear-tooth finishing machine is specially 
designed for relatively small and accurate work from 
} to 4 in. in diameter. The coarsest pitch which can be 
accommodated is 16 D.P., the maximum face width of the 
component being 1 in. Gears on shafts up to 10 in. in 
length may be shaved, unless the gear is at one end of the 
shaft, in which case the length should not exceed 6 in. 
The machine occupies a very small floor-space and is 
rigidly constructed for precise working and high stand- 
ards of finish. The design permits automatic loading to be 
employed or, when hand loading is used, operation may 
be safely entrusted to unskilled labour. The work and 
shaving tool are always clearly visible through a trans- 
parent window in a movable guard. 





Fig. 1. 


_ The work is placed between the centres and, on 
simultaneously pressing the two “ Start” buttons fitted 
with a safety electrical interlock, the automatic cycle 
commences. The tool and work revolve and the com- 
ponent traverses across the tool face. At the end of the 
pass the direction is reversed and, in four complete 
traverses, the component is shaved to size. At each 
traverse the automatic infeed reduces the centre distance 
between the work and the tool until the finished dimension 
is reached. The machine stops at the end of the cycle. 
Setting is particularly simple and accurate, as a dial 
gauge and a micrometer control permit precise sizing 
of the gear. The tool angle is set with a sine-bar device 
which enables extreme accuracy to be obtained. Cycle 
times vary from 13 to 45 sec, depending on the nature of 
the component and the material. Four tool speeds are 
provid :d, ranging from 110 to 373 rpm, and the number 
of reversals can be varied between 5 and 10 per minute. 
The tras erse of the component can be easily adjusted up 
to a maximum of | in. in 7 in. increments. The total 
cutter rifeed is 0-01 in. and is adequate for all compon- 
ents cc ning within the scope of fine-pitch gear shavers. 
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An interesting exhibit from Prizisions-Technik 
G.m.b.H., of Wertheim, Germany, is the PeTeWe 
projection form grinding machine, two models of which, 
the PES.3dII (Fig. 2) and the PES.4u, are being 





Fig. 2. 


demonstrated. On these machines, the drawing, the 
workpiece, and the grinding wheel are all shown on the 
same screen to a magnification of 50 or x20 in the 
case of the 3d machine, and x10, x20, or 50 on the 
4u type. A magnification of = 100 can be supplied on this 
machine, if required. The operator of the PeTeWe 
machine guides the projection of the grinding wheel 
along the drawing by movement of the two large control 
wheels. The left-hand wheel controls horizontal move- 
ment, and the right-hand wheel movement of the grinding 
wheel vertically to the workpiece. In actual operation, 
the integration of the grinding wheel feed becomes one 
process, providing extremely high-precision results. The 
whole progress of the operation can be checked by the 
operator from his seated position, and accuracy to the 
order of 0:00008 in. at x50 magnification is obtainable. 


In addition to a range of lathes, vertical milling and 
boring machines, automatic rotary tables, etc., Minganti, 
of Bologna, Italy, are exhibiting their automatic turret 
lathes, models TM 80 P and TM 100 P, the former of 
which has a spindle bore diameter of 80 mm and the 
latter 100 mm. This type of lathe (Fig. 3) has been 
designed for high-speed turning and incorporates a num- 
ber of features to ensure high efficiency and productivity, 
including push-button preselection of speeds and feeds. 








Fig. 3. 
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Twelve spindle speeds are available, with a maximum 
of 1500 rpm for the TM 80 model or 100 rpm for the TM 
100, while sixteen automatic feeds can be obtained for the 
lower carriage and eighteen for the front carriage. A 
wide range of ancillary equipment is available, including 
pneumatic clamps and self-centering chucks, special tool- 
holders for multiple-cutting operations, and hydraulic 
copying devices. 

Exhibits by Wickman Limited, of File Hill, Coventry, 
cover a wide range and are a representative selection of 
some of the latest developments in the application of 
automatic machines to modern production problems. As 
such, exhibits include multi-spindle automatics, bar auto- 
matics, grinding machines, and boring and turning 
mills, all designed to increase flexibility and production. 


Fig. 4. 


Of these, an interesting example is the Wickman 
optical profile grinding machine shown in Fig. 4. With 
this extremely accurate form grinding machine, which is 
unusually easy to operate, a drawing of the required form, 
at a magnification of x 50, is made on special dimension- 
ally stable aluminium laminated paper, reduction of the 
form to the requisite size being effected by a pantograph 
arm which positions the objective of a microscope 
directly above that portion of the work to be ground. 
The grinding wheel, also visible in the microscope, is 
then brought to the work by operating the control wheels 
until the wheel is seen to touch the crossing of two hair- 
lines engraved on the microscope viewing lens, which is 
always the limit of grinding. A small circular screen is 
provided for rough checking ; this repeats the image 
visible through the microscope and, in contrast with 
contemporary large-screen methods of projection, uses 
only that part of the screen, i.e., the exact centre, in 
which the image is in exact focus. This system is extremely 
accurate (better than 0-0005 in. under ordinary conditions), 
and accuracy is not impaired by wheel wear. 

Part of the simplicity of the machine is due to the 
design of the wheel-head slides, which allow angular 
forms te be ground by direct traverse, and to the viewing 
and work illumination, which not only give a clear, 
accurats view in normal daylight, but also allow clearance 
angles 1» be ground without loss of accuracy due to poor 
illumination. The machine can be used to grind intricate 
forms t very fine tolerances in all materials, and the use 
of the »vailable attachments, which include a circular- 
gtindin attachment, cutter-indexing attachment, index- 
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Fig. 5. 


ing attachment, and an x50 microscope, extend the 
scope of the machine still further. 

Another interesting Wickman exhibit is a 48-in. 
boring and turning mill, manufactured by their associated 
company, Webster and Bennett Limited, of Coventry. 
This machine (Fig. 5), which is the middle member of a 
range which includes 36-in. and 60-in. machines, has a 
chuck diameter of 48 in. and will take work up to 53 in. 
in diameter and up to 35 in. in height under the turret. 
Of the drives available, comprising special high-speed, 
high-speed, normal-speed, low-speed, and special heavy- 
duty, the particular machine exhibited is fitted with a 
special high-speed drive, giving a speed range of 8-6 to 192 
rpm and a feed range of 0-004 to 0-197 in. per revolution, 
each range having twelve steps. This particular machine is 
also fitted with automatic electric trips, which can be used 
as trips, as dead stops for sizing by manual control, or as 
safety limit-switches. 


The first hydraulic “‘ Multiform ’’ machine in pro- 
duction form is being shown in operation by Heenan & 
Froude Limited, of Worcester. This entirely new method 
of cold strip forming, which was introduced by Heenan & 
Froude, employs hydraulic operation and dispenses with 
mechanical movement, including the actual tool-slides 
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themselves. Since the prototype machine was first 
exhibited at Olympia last year, a number of modifications 
has been introduced, chief of which is the substitution of 
a geared electric drive for the camshaft, in place of the 
original hydraulic drive. As a result, greater convenience 
of control has been obtained, and push-button inching 
can be carried out from practically any position around 
the perimeter of the machine. 

The principle of operation of the Heenan Hydraulic 
Multiform is based on a servo-actuated valve operated by 
the master camshaft and working on a few pounds 
pressure, which is converted into the full tonnage of the 
machine at the operating stations. The cams actuate 
small levers which are coupled to flexible members con- 
nected to the servo-valves. With this arrangement, it is 
possible to have extremely accurate control of the servo- 
valves with only a very light pressure on the cam faces, 
permitting perfect control of each slide. A set of standard 
cams is included with each machine, profiled to give 
standard slide actions to suit most cases. When special 
cams are needed, these can be made at almost negligible 
cost by the tool-setter. 

Two different models of the ‘‘ Multiform ”’ are being 
exhibited, i.e., the S?” and the S14”, capable of hand- 
ling maximum widths of strip material of } and 14 in. 
respectively. The Multiform S14” (Fig. 6) is being 
shown producing a copper electrical contact for one 
operation which previously required six operations by 
other methods. 


A representative example from the range of Innocenti/ 
GWB milling and boring machines is being exhibited by 
Innocenti, of Milan, and has been arranged to carry out 
demonstrations of the machining of alternator rotors. 


_ These machines, an example of which is shown in 
Fig. 7, differ from conventional types in the application 
of new methods designed to confer considerably in- 
creased scope of production, precision, and performance. 
Thus, they incorporate high spindle power as the result 
of very short and highly efficient kinematic chains, with 
Constant speed variation ; independent and steplessly 
Variable control of all feed movements ; the use of a 
movable icadstock ; automatic high-precision stops ; 
and a cei ‘ralized pendent control, which controls all 
movemen::, including the precision stops and the locking 
of the car-ages, 
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Exhibits by Maschinenfabrik Heid A.G., of Vienna, 
include the ‘“‘ Neomat”’ centre lathe (Fig. 8). In this 
straight-bed machine with variable centre height, the de- 
sign is such that, when the headstock and tailstock, which 
are mounted on inclined bases, are moved upwards and 
to the rear to accommodate larger diameters, the resulting 
cutting pressure never falls outside the front shear. 
Furthermore, as the turning axis moves in this direction, 
it approaches nearer to the gravity axis of the bed, thus 
lessening the tendency of torsional stresses to twist the 
bed in an anticlockwise direction. 


i 


Fig. 8. 


Reversal and braking of the spindle are effected by 
means of Heid electromagnetic multi-disc clutches with- 
out slip-rings, these clutches being self-compensating for 
wear and hence requiring no periodic attention. Spindle 
control is obtained by levers conveniently positioned at 
the headstock and apron, with four positions on the 
quadrant, giving positive control of forward spindle 
movement, neutral, brake, and reverse spindle movement. 


Exhibits by C.V.A. Jigs, Moulds and Tools Limited 
include a wide range of lathes, vertical and horizontal 
milling machines, and single-spindle automatic screw 
machines. Of these, the No. 8 automatic }-in. capacity 
screw machine (Fig. 9) has been entirely restyled and now 
incorporates such features as a smooth timing-belt trans- 
mission, which is an exclusive toothed-belt drive pro- 
viding a positive non-slip transmission, free from shock 
and stretching. Furthermore, a new gearbox, providing 
18 turning speeds up to 7250 rpm and 240 threading 
speeds, is fitted, while a new change-feed gearbox gives a 
choice of 66 cycle times, ranging from } to 64 sec. Other 
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innovations include extra power available from a rever- 
sible 3-hp motor, which is foot-mounted inside the 
cabinet and drives the gearbox via multiple V-belts, and a 
new camshaft-drive needle-bearing transmission through 
heavy-duty oil-immersed worm gearing. A feature of the 
new timing-belt transmission is that, by virtue of its 
positive grip, the full power of the motor is always avail- 
able at the cutting tool, permitting the use of carbide 
tooling, where desirable. 


Fig. 10. 


Another new C.V.A. exhibit, in this case manufactured 
under licence from the Lodge & Shipley Co., of Cincin- 
nati, Ohio, is the ‘‘ Powerturn ” 16 x 78 in. lathe with a 
swing over the bed of 204 x 78 in. between centres. As 
in other ““Powerturn’”’ models, this lathe (Fig. 10) is 
provided with spur gearing, oversized precision bearings, 
and alloy-steel shafts, to give a positive and accurate drive 
through a range of 24 spindle speeds up to 2000 rpm and 
20hp. A new speed dial makes speed indication virtually 
automatic, as the machine calculates and indicates the 
proper speed. The head also shows allowable horsepower 
on a built-in ammeter. Other features include an auto- 
matic spindle brake, with quick release ; automatic 
lubrication, with full-flow cartridge-type oil filters ; and 
conveniently grouped controls. 


Exhibits by The Newall Engineering Co. Ltd., of 
Peterborough, comprise a range of high-precision jig 
boring and drilling machines, optical rotary indexing 
tables, and auxiliary equipment specifically manufactured 
for tool-room use and for production jig boring. 

An exceptionally interesting exhibit is the ‘‘ Space- 
matic” automatic-positioning jig borer (Fig. 11). In 
addition to a number of design modifications which have 
been incorporated since it was exhibited last year at the 
International Machine Tool Exhibition, Olympia, a two- 
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dimensional tracer control for highly accurate copy- 
milling has been developed, further extending the cap- 
abilities of this machine. 

Another recent Newall production on display is the 
‘“* Optiset ’, a medium-capacity jig borer incorporating 
an optical system for co-ordinate selection designed and 
manufactured by Optical Measuring Tools Ltd., one of 
the Newall Group of Companies. 

In addition to a full range of production boring 
equipment designed for use with the above machines, 
the latest O.M.T. optical rotary indexing tables are also 
being demonstrated, including the 30-in. model with a 
scale reading direct to 1 sec of arc and with a power- 
operated platen; the 16-in. inclinable table, a new 
development with scales reading direct to 1 sec of arc for 
rotary and inclinable movements ; and a 16-in. pro- 
jection-type rotary table, available with a scale reading to 
2 or 10 sec of arc, as required. 


A complete range of their multiple-spindle vertical and 
horizontal drilling machines, together with examples of 
their single-spindle vertical and horizontal drilling and 
boring machines, is being exhibited by Officine Rino 
Berardi, of Brescia, Italy. All these machines are fitted 
with a hydraulic head movement capable of producing a 
comprehensive variety of automatic working cycles. 





sz seen heat 
Fig. 12. 

New exhibits will include examples from the range of 
V BIV vertical-column multiple-drilling machines, one of 
which, the V B IV L, is shown in Fig. 12. These machines, 
like other vertical-column multiple-drill.ng machines in 
the Berardi range, are fitted with a hydraulic feed control, 
giving a standard automatic cycle of fast approach, 
workpiece feed, stop at the end of travel, fast return, and 
stop. Speed change for all spindles is effected by pairs of 
assorted gears, and each spindle is arranged for individual 
speed changes with two ratios and neutral. Consequently, 
it is possible to have some spindles rotating at high speed, 
others at low speed, and still others stopped. 

Other new Berardi exhibits include a range of drilling 
machines fitted with an automatic working cycle and 
hydraulic feed, i.e., the vertical type VA and the hori- 
zontal type OA, both of which are being shown for the 
first time. Two sizes are available for the vertical type, 
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and four for the horizontal type, the OA II horizontal 
type being shown in Fig. 13. The horizontal models, in- 
cidentally, are so designed that they can be floor-mounted 
or installed on a movable bench-type base, the spindle 
being arranged to accommodate a direct drive from a 
flange-mounted motor or a belt transmission. 


Exhibits from Drummond-Asquith include the Asquith 
H.R.G. type horizontal drilling, boring, and milling 
machine, manufactured by the Asquith Machine Tool 
Corporation. This machine (Fig. 14) is fitted with 
electronic control for the profile milling of the ports in 
Doxford liners, and incorporates a rotary headstock, a 
tailstock, and a workplate on which these are mounted. 
The horizontal traverse of the column along the bed is 
controlled by two motors ; the first is mounted on the 
slide for quick power traverse and the second on the 
column base for electronic feed, these electronic feeds 
being in addition to the normal mechanical feeds which 
are supplied for movement in this direction. The motions 
are interlocked, so that only one can be brought into 
operation, and a clutch is interposed in the feed system 
to select either feed or quick power-traverse motion. 
At the side of the slide and in line with the spindle, a 
bracket is positioned to carry a stylus roller. This roller 
contacts the template, which is mounted upon the liner 
itself, giving the necessary form for the milling of the 
ports. The water slots which run parallel to the axis of the 
liner and the radial slots which are interrupted by bosses 
can also be produced on this type of machine. 


Fig. 14. 


Another Drummond-Asquith exhibit is the Drum- 
mond ** Maximinor ’”’ automatic multi-tool lathe (Fig. 
15), manufactured by Drummond Bros. Ltd., of Guild- 
ford, which, in this instance, is being shown specially 
tooled for the rapid production of automobile pistons 
and is an interesting example of extensive multi-tooling to 
Perform a wide range of operations at one machining 
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Fig. 15. 

cycle. The rough piston is held against a location by a 
dummy gudgeon-pin and air-operated draw-bar. Tools 
on the front slide turn the piston wall to three diameters, 
while the rear tools rough-machine the grooves. The third 
or top slide carries two sets of tools for finish-turning the 
grooves and for breaking down the sharp edges to the 
grooves. The fourth slide is an independent motor-driven 
unit for facing the piston crown. By fitting a suitable 
former plate, the unit will turn concave, flat, or convex 
piston ends. 


In addition to special-purpose machines and their 
model MN2U universal milling machine, which is being 
shown operating on an automatic cycle and fitted with a 
backlash eliminator, a spindle brake, feed brakes, a 
graduated scale, and an automatic spindle reverse, 
Oerlikon Italiana, of Milan, are showing their completely 
redesigned model M4V vertical milling machine (Fig. 16). 

In this modified version, a number of components has 
been redimensioned, including the vertical head, the 
column slides, the base, and the saddle supports. In 
addition, a new clamping system, controlled by hand- 
levers, for the table, the knee, the saddle, and the head 


Fig. 16. 








Deep cuts on tough alloys call for extra stamina — tool bits 
that hold their edge under the most severe conditions — 
Eclipse tool bits, in fact. 


It isn’t only the extra high quality of steel used in their 
manufacture that gives ECLIPSE tool bits their outstanding 
qualities. The infinite care in manufacture, the modern plant 
where they are produced to rigid standards and the wealth 
of experience backing them — all contribute too. 


* 

“Eclipse” tool bits are made from H-3 cobalt 
high speed steel in squares and rounds and 
as cutting-off tools and boring bars. 

The perfect companion to the ECLIPSE 
cobalt high speed steel tool bit is the 
ECLIPSE tool bit holder. 

Ask for particulars of sizes and patterns. 


ames Neill & Co. (Sheffield) Ltd. and obtainable from all tool distributors 
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has been incorporated. Other modifications include the 

ision of spindle and feed brakes, a backlash elimin- 
ator, and a graduated scale on both longitudinal and cross 
movements. If required, the machine can be supplied 
with an automatic eycle on the longitudinal, cross, and 
vertical traverses, a hydraulic knee-clamping device for 
the column, and a hydraulic copying attachment. The 
machine has a longitudinal automatic traverse of 1300 
mm, the vertical traverse of the head being 160 mm. 


In addition to their standard air-operated 150-kg 
hammer and a high-speed die-forging hammer with a 
1250-mkg blow capacity, Béché & Grohs, of Hiickes- 
wagen, Germany, are exhibiting their type LG.5 air- 
operated die-forging hammer with a tup weight of 200 kg. 
This hammer (Fig. 17) is electrically driven and is capable 
of effecting blows in rapid succession (up to 160 per 
minute). 


Fig. 37. 


Operation is easily controlled by means of a pedal 
coupled with a servo-motor, and features include an 
accurate tup guide, a cast-steel anvil, and an exception- 
ally robust frame. This type of hammer is especially 
suitable for the production of small forgings requiring 
pre-rolling, bending, and die forging. 


_ Exhibits from Friedrich Deckel, of Munich, cover a 
wide range of equipment, including universal tool milling 
machines, milling and boring machines, pantograph die- 
sinking machines, pantograph engraving and profiling 
milling machines, and grinding machines. 

_ The K.F. 1 and K.F. 12 universal pantograph die- 
sinking machines have columns particularly well adapted 
to the requirements of die-sinking work in that the upper 
Portion of the column extends over the work-table. The 
amply dimensioned column gap thus provided will accom- 
modate bulky workpieces, long parts easily clearing the 
vertical portion of the column. 

In the K.F. 1, the massive box-section column sup- 
Ports, by its lateral guide-ways, a vertically adjustable 
knee carrying a worktable which can be moved both 
lengthwise and crosswise. The copy-holder bracket, 
which is alo provided with an elevating screw, is attached 
to the column at right angles to the knee. The copy- 
holder bracket carries the copy-holder table, which can 
be moved ‘aterally. Both tables, whilst supported at 
pean ly the same level, can be positioned individu- 

In the <.F. 12 (Fig. 18), a vertically movable knee 


» guided al: g the column face supports both the work- 


table and se copy-holder table, so that it is possible to 
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Fig. 18. 

raise or lower the two tables simultaneously. The pro- 
vision of a power elevating motor, which permits the 
knee to be moved at a rate of 30 ipm, affords a marked 
reduction in the time required for setting up or changing 
tools. By this means, it is possible to position heavy 
workpieces accurately. In addition, a large handwheel 
with a graduated drum has been provided for the purpose 
of vertical fine adjustment and infeed in the case of line- 
by-line milling operations. The three-dimensional panto- 
graph is hinged to the upper end of the column and is 
connected with the tool slide through a slidably mounted 
universal joint. 


Exhibits by Heyligenstaedt, of Giessen, Germany, 
include a new design of automatic copy-milling machine, 
model 170 FK6, which has a horizontal milling capacity 
of about 177 in., a vertical capacity of about 87 in., and a 
traverse of about 31 in. This machine is being shown 
demonstrating such operations as automatic milling in 
both horizontal and vertical directions ; contouring, 
using a model or template ; and contouring in layers with 
automatic transverse strips. 


Fig. 19. 

Other Heyligenstaedt exhibits cover a range of lathes, 
including a new design of heavy-duty lathe (Model 800 
EN 4000), with a capacity of about 31 in. centre height 
and 157 in. centre distance ; a production copy lathe, 
model ‘‘ Heycop ” 1/1000 ; a model 6P facing lathe with a 
stepped-type cross-bed ; and the new model 450 E heavy- 
duty lathe. This machine (Fig. 19) has a capacity of about 
18 in. centre height and about 157 in. centre distance, 
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When you buy a standard article produced to a standard price, you may get good 
value but nothing out of the way. 

For example, we make very good standard bearings at a normal price, but we 
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of extra know-how, workmanship and checking. They cost more of course, 

but what a difference! 
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running bearings. 
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bearings: ‘unsealed’, and sealed with the FBC neoprene seal. 
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Fig. 20. 
the maximum carrying capacity between’centres without 
support being 9 tons. The headstock contains the revers- 
ing gear with automatic brake, acting as soon as the 
machine is stopped, and the gears for producing 18 
working speeds. The machine can be stopped or reversed 
almost instantaneously, and spindle speeds are adjusted 
toa cutting-speed schedule by three conveniently arranged 
levers. The jaws of the large face-plate are reversible and 
move independently of each other. 

Another interesting Heyligenstaedt exhibit is a newly 
designed ‘‘ Heycomat ”’ model 2 copying machine, with 
automatic loading device. In conjunction with the auto- 
matic cycle for automatic control of speeds, feeds, rapid 
traverse, and multi-cut control, this machine (Fig. 20) 
permits fully automatic machining of rough-forged and 
centered shafts by using a loading device. A transporting 
cap puts parts into the machine for chucking and machin- 
ing, and a catcher takes out the finished parts. Control- 
ling devices ensure an automatic cycle without danger to 
the machine or tool. 


In addition to an indexing table machine for machin- 
ing steering boxes, Karl Hiiller G.m.b.H., of Ludwigsburg, 
Germany, are exhibiting a fully automatic taper-roller 
grinding machine with a hopper feed, an automatic 
twin-spindle grinding machine for the surface-grinding of 
the inside of roller-bearing rings from 40 to 150 mm 
diameter in one loading, and two hydraulic vertical joint 

&COLID 


BIKMINGH. § 


Fig. 21. 
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spindle drilling machines, one with a stroke of 500 mm, 
and the other with a stroke of 350 mm. 

Other Hiller exhibits include the FW5 and FSS5 
production milling machines. The FWS has a 63 x 15} 
in. table, a longitudinal table traverse of 52 in., a cross 
traverse of 11 in., and a vertical traverse of 16 in., while 
the FS5 (Fig. 21) has a 51 x 14 in. table, and longitudinal 
cross, and vertical table traverses of 40, 12, and 16 in. 
respectively. In addition to their extensive milling 
traverse, these machines, which have good stock removal 
and are suitable for heavy cuts, have play compensation, 
a — brake, and a jump feed for an automatic work 
cycle. 

The most important development shown by Schaudt 
Maschinenbau G.m.b.H., of Stuttgart, is a range of three 
entirely new cylindrical grinding machines, designated 
respectively the PRS, ARS, and ERS. The largest of these 
is model PRS, with a grinding-wheel diameter of 294 in., 
and a normal centre height of 93 in. Four sizes of this 
particular model are available, with centre distances 
ranging from 192 to 78} in. 


Fig, 22, 


The hydraulic system of this range of machines has 
been arranged so that it is at the rear of the machine, 
rather than in the base casting. Maintenance is thus 
greatly simplified, since oil can be changed without 
leaving residual used oil in the tank. All controls are 
conveniently grouped on a compact control panel, the 
conventional single-lever control having been superseded 
by a push-button as a safety measure. The feed hand- 
wheel for the grinding wheel is located on the right side 
of the control panel, the infeed position in relation 
to the table being capable of variation. The feed may be 
finely adjusted to units as small as 0-00004 in. and, during 
plunge-grinding, a continuous feed system is employed. 
A variable spark-out control is fitted for use during trip- 
stop grinding, and the wheelhead is carried on roller 
tracks to enable full advantage to be taken of the inherent 
sensitivity of the machine. A sizing control unit can be 
supplied as extra equipment, as can an internal grinding 
attachment and a form grinding attachment. 

The newly introduced form-dressing attachment for 
the S-type machines is of particular value for plunge-cut 
grinding large- or medium-size batches of work. A tracer 
enables the profiles of a template to be transmitted to the 
grinding wheel through a dressing diamond. This oper- 
ation is fully automatic, since the hydraulically actuated 
dressing quill travels across the wheel, lifts, and returns 
to its starting point. The attachment can be adjusted so 
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resistance, etc. 
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that the diamond advances towards the grinding wheel 
by a predetermined amount at each traverse. A special 
device permits the wheel to be dressed after a number of 
components has been ground. A further mechanism 
determines the number of times the wheel is to be 
dressed, a coloured lamp indicating that dressing is in 
progress and that the feed cannot be engaged. Apart 
from its value in speeding up production, the form- 
dressing attachment enables a close watch to be kept on 
the wear of the wheel in relation to work performed on 
the component, and on the general maintenance of 
grinding wheels. Fig. 22 shows the form-dressing attach- 
ment mounted on the PRS cylindrical grinder. 


Exhibits from Schiess, of Dusseldorf, cover a range of 
their heavier machine tools, including single-column 
vertical turret lathes, a double-column vertical boring 
mill, and a horizontal milling and boring machine. 





Fig. 23. 


An example of one of their single-column vertical 
turret lathes, the model KE 100, is shown in Fig. 23, 
Equipped with side-head, taper-turning, and screw- 
cutting attachments, and with automatically operating 
speed control, this machine has a maximum turning dia- 
meter with the side head down of about 45} in., a maxi- 
mum turning height over the table of about 453 in., and 
a permissible table load of 3 tons. 

An interesting exhibit by Pee-Wee Maschinen 
G.m.b.H., of Berlin, is their model A.S.R. stud-making 


Fig. 24. 
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machine, by means of which studs are produced from 
coiled wire of 70-tsi tensile strength. 

This machine (Fig. 24) is fully automatic in opera- 
tion. The coiled wire is automatically picked up by a 
clamping slide guide, from which it is drawn through a 
straightening attachment and a drawing bush which sizes 
the wire up to 3% cross-section reduction. At the end of 
its travel, the wire is cut to length by shearing bushes. 
The ends of the blanks to be threaded are then reduced 
to the pre-rolling dimensions of the thread, after which 
they are chamfered, and finally the threads are rolled on 
each end of the stud. 


Exhibits from George Swift & Sons Limited, of 
Halifax, include their 12.SV.6 lathe (Fig. 25), which is a 
straight-bed, roller-bearing spindle, all-geared headstock 
surfacing and boring lathe on an inverted-vee bed, 8 ft 6 in. 
in length, to admit 2 ft 6 in. between the chuck and the 
turret. Eighteen changes of speed are provided in the 


headstock, which is driven through a Beier variable- 
speed box controlled from the traverse of the surface slide 
to give constant cutting speed. Nine changes of feed are 
provided, giving sliding feeds of from 25 to 282 cpi and 
surfacing feeds of 66 to 740 cpi. 

The four-way turret is mounted on hydraulic copying 
slides, providing copy-forming motion to the surfacing 
slide. By means of the “* Swift ’ special copying arrange- 
ment, the complete form of a surface can be copied at one 
setting. The machine is driven by a 123-hp motor with a 
reversing starter, and a rapid power traverse to the 
surfacing motion is also fitted. 


In addition to a multiple rotary gang-slitter, Officine 
Meccaniche Romildo Mariani, of Milan, Italy, are exhibit- 
ing the Mariani flying shears (Fig. 26), which permit 
automatic cutting of sections produced by cold-roll- 
forming machines. In this machine, the body of which is 
of rigid, ribbed box-type construction, motion is trans- 
mitted by an electric motor to a flywheel rotating freely 
on the shaft of the eccentric, which, in turn, rotates on 
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special slides and, through four rugged special steel 
columns, transmits a vertical motion to the upper tool- 
holder. This vertical motion is controlled by an electro- 

umatic servo-control and permits the tool to have, 
during cutting, the same speed as the section coming from 
the cold-roll-forming machine. Consequently, the cut is 
the result of two simultaneous movements, one vertical 
and the other horizontal. A special device ensures that 
the machine operates at the right pressure only. Thus, if 
the pressure is insufficient, motion of the forming machine 
is immediately stopped. A switch on the control panel 
automatically synchronizes the shears with the feed from 
the forming machine. 


Among other items, exhibits from Wadkin Ltd., of 
Leicester, are two heavy-duty radial routers, demon- 
strating alternative methods of carrying the router head. 
On the larger machine, type H.Y.R.5 (Fig. 27), the radial 
arm is a substantial one-piece box-section aluminium 
casting mounted on sixteen dustproof rollers operating 
on nitralloy bars secured to the arm. The arm and its 
mounting are designed to avoid all possibility of deflection 
or distortion and to maintain accuracy in relation to the 
table surface at all positions. The arm has an effective 
radius of 6 ft 1 in. maximum and 2 ft 9 in. minimum, 
and is mounted in a roller carriage carried on a rotating 
barrel, which, in turn, is mounted in a heavy main frame. 
The barrel bearing design is such that the bearings are 
heavily preloaded to give absolute accuracy in the sweep 
ofthe arm. The complete routing machine unit is mounted 
on a bed and is power-traversed at a rate of 10 fpm over 
a heavy-section cast-iron table having a working surface 
of 12 ft 8 in. x 2 ft 6 in. The machine is designed for 
operating with the template fitted to the workpiece, but 
an overhead tracer pin is fitted, so that, if required, the 
machine can operate from templates carried in a structure 
overhead. If required, the routing unit can be supplied 
as a fixed machine operating over a plain, fixed, or rising 
and falling table. 


Fig. 27. 


The other heavy-duty router is of the articulated-arm 
type. The arm in this case is in two parts, both of 
very deep section and hinged on large heavy-duty ball 
Faces. Motion of the arm is different from that of the 
Straight-arm radial type, which sweeps over an area, 
Whilst the articulated arm has a knee action, its move- 
ment be*ng smooth and easily controlled. 


In addition to their model MNu 360 high-speed 
notchin _press, which is capable of 1000 strokes per 
minute. *.. Schuler AG, of Goeppingen, Germany, are 
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Fig’ 28. 

exhibiting a wide range of their presses, including a 
50-ton high-speed die press, a 125-ton high-speed piess, 
a 315-ton wide-frame double-sided power press with 
cross-shaft drive, a new design of 325-ton “* Hydrovit ” 
hydraulic drawing press, a 100-ton knuckle-joint em- 
bossing press, a 50-ton inclinable double-sided C-frame 
press, and a 63-ton geared double-sided C-frame press, 
both these C-frame presses being equipped with the 
Schuler electromagnetically operated friction clutch and 
brake unit and electrical control system, which is designed 
to ensure an exceptional degree of safety. 

Another Schuler exhibit is the 300-ton, 9-station 
transfer press, model PStw 300/9/350, shown in Fig. 28. 
Designed for the economical mass production of pressed 
and drawn components, this type of press incorporates 
a number of special features. Thus, for example, the 
entire pressure exerted is absorbed by the press frame, 
i.e., the loading on the anchor columns is purely tensile. 
In addition, four long adjustable guides for the ram are 
fitted in each upright, and transverse stresses on the ram 
guides are kept to a minimum. Also, adverse effects 
caused by uneven load distribution are kept to a mini- 
mum, complete accessibility to tools on all sides is pro- 
vided, and complete safety of operation is ensured. 


The principal feature of exhibits from E.M.I. Elec- 
tronics Ltd., of Hayes, Middlesex, is the application of 
numerical control to a Cincinnati “* Hydrotel ’’ vertical 
milling machine, in which the motions of the machine 
are controlled in all three dimensions. The vertical move- 
ment of the cutter spindle and the longitudinal and lateral 
traverses of the work-table slide are each equipped with 
servo-controls and position-identifying mechanisms, and 
the master control incorporates two interpolator units. 
These can be applied to any of the machine motions to 
give continuous parabolic interpolation, while the motion 
of the third dimension is controlled at selected discrete 
points. 

The longitudinal, lateral, and vertical co-ordinates of 
the workpiece are set out sequentially in tabular form 
and are then typed on a teletypewriter, which produces 
a punched paper tape in five-digit decimal binary code, 
together with a typed sheet for checking. The tape is fed 
into the control unit, where the coded figures are retained 
by the information store until they are no longer re- 
quired. Analogue circuits interpolate the necessary 
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SILICONES AND SMOKE SIGNALS 


I.C.I. Silicone Rubbers have a knack of solving many a tricky problem. To observ 
smoke density aboard certain H.M. warships, special photo-electric equipment, 
designed and manufactured by Radiovisor Parent Limited, has been installed. The 
viewing unit of the equipment is connected to the smoke ducting by a flexible hose 
of I.C.I. Silicone Rubber which isolates the instrument from any shipboard vibra- 
tion. Another hose supplies purging air to the glasses of the projector and receiver 
to keep them free from soot deposits. The flexibility of I.C.I. Silicone Rubbers is 
maintained even at elevated temperatures, and this property combines with 
chemical resistance and excellent electrical characteristics to make these elastomers 
some of today’s most interesting—and useful—materials. 
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additional information to cause the machine tool to cut 
asmooth curve. Interpolation can be carried out on 
signals controlling the motions of any two selected axes. 
Motion along the third axis can be continuous or dis- 
continuous, as required. 

In the “ Hydrotel”’ the various slide motions are 
operated by hydraulic rams, the link between the data 
control and the hydraulic system being electro-hydraulic- 
yalves. The voltages produced from the analogue cir- 
cuits and the voltages fed back from the position-iden- 
tifying units fitted on each of the slide motions are com- 
pared, the resultant error voltage being amplified and 
determining the amount of displacement of the hydraulic 
servo-valves. The accuracy of the information given to 
the machine tool by the control system is better than 
00003 in. Once the paper tape has been fed into the 
control system, the machine tool operates entirely auto- 
matically. The system therefore has all the advantages 
of a copying machine, without the cost and labour of 
making templates, so that short runs or prototype parts 
can be produced as cheaply as longer runs. In addition, 
it is ideal for the production of master cams and tem- 
plates for use on conventional copying machines. 


Among a wide range of equipment, including auto- 
matic single-spindle chucking machines and screw 
machines, automatic bar machines, and the redesigned 
form of their 6-in. hydraulic copy-turning lathe, B.S.A. 
Tools Limited, of Kitts Green, Birmingham, are exhibiting 
their B.S.A. No. 4 centreless grinding machine, which, in 
this instance, is equipped to grind an armature shaft 
component on four stepped diameters. With this machine 
(Fig. 29) the production cycle is completely automatic, 
the components being ground by the infeed method. 
The infeed attachment is arranged to run continuously 
during production, so that one revolution of the infeed 
cam represents the full cycle time for producing each 
component. 





Fig. 29. 


__ The workpieces are fed from a vertical-type magazine 
Into an automatic synchronized leading attachment which 
1s controlled to operate at the correct moment in the 
cycle by a pilot air-valve operated from a cam on the 
infeed attachment. This valve initiates the return of the 
Overhead carriage, which at the conclusion of the grinding 
operation conveys the component from the wheel area 
onto a size-gauging block positioned on a cross-slide, 
and, at th > same time, the previously ground component 
IS ejected from the gauge-block into the delivery tray 
Provided. The cross-slide then advances to the loading 
Position with a new component from the magazine, and 
the over' ‘ad carriage conveys this workpiece to the 
osition between the wheels. The cross-slide 


The r-schine is also fitted with automatic sizing and 


» Stinding-heel-head feed compensation, by means of 
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which each component after grinding is automatically 
sized, and any growth towards the upper limit of the 
tolerance band is registered in the “* Sigmatrol”’ unit, 
causing the grinding-wheel head to advance automatic- 
ally and bring the component size towards the lower 
limit of the tolerance band. This means that the machine 
is automatically controlled to produce continuously 
workpieces within the allowable tolerance. The actual 
sizing of the ground piece on the gauge-block positioned 
on the cross-slide takes place during the spark-out period 
of the grinding operation. The sizing period is deter- 
mined by a switch operated from a cam mounted on the 
infeed cam spindle. If for any reason components are 
produced which fall below the lower limit of the toler- 
ance, a minus alarm signal will be given and the machine 
cycle will be arrested. 


A modern roller shearing machine for cutting long 
metal plates is being exhibited by Schulze & Naumann, of 
Essen. Weighing 70 tons and operated by a 150-hp 
motor, this machine (Fig. 30) has a shearing capacity of 
% in. x 40 ft and a planing capacity of 2 in. x 40 ft. 


Fig. 30. 


This machine is mainly used in the shipbuilding in- 
dustry, and also for boilermaking, locomotive and 
carriage building, tank making, and the production of 
welded tubes. The accuracy of this unit is stated to be 
such that, if two plates are butted together after cutting, 
the maximum gap over a length of 25 ft is 0-004 in., or 
0-008 in. over a length of 40 ft. Although the shearing 
cuts are of excellent quality, the machine is provided 
with an additional high-duty planing attachment of 
ample dimensions for machining special edges. Various 
items of special equipment are also available, by means 
of which it is possible to load and unload the plates very 
rapidly, thus increasing efficiency and reducing handling 
times to a minimum. 


Included in the wide range of exhibits by James Neill 
& Company (Sheffield) Limited, of Sheffield, are examples 
of rectangular models of their “ Eclipse’ permanent- 
magnet chucks, ranging from the 5 x 24 in. minor chuck 
for toolmakers to 18 x 12 in. heavy-duty chucks. In 
addition, there is a selection of circular lathe chucks, 
ranging from 4} to 12 in. in diameter, together with a 
comprehensive range of accessories for magnetic chucks. 
including chuck blocks for accommodating pieces with 
projections, adaptor plates, swivelling brackets for use 
with rectangular chucks, and “* Eclipse ’’ demagnetizers. 

Other “ Eclipse’ exhibits cover a range of versatile 
magnetic tools, including magnetic links, hand magnets, 
magnetic holders for cylindrical or flat work during 
welding or other operations, and magnetic bases for dial 
gauges, of which the heavier model (No. 901B) is being 
shown for the first time. 

Supporting these exhibits is a comprehensive variety 
of “Eclipse”? tools, including hacksaw blades and 
frames, tool bits and tool-bit holders, cutting-off tools 
and holders, lathe-tool sets, and the ‘* Eclipse’? No. 55 
sheet saw, which is designed to cut sheet material of all 
types, plain or corrugated, and which uses a standard 
type of hacksaw blade capable of being varied in pitch 
to suit different materials being cut. 
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British Industrial Developments 








Air-Operated Hydraulic Pump 


The maximum possible pressure of the ‘‘ Airhydro- 
pump ” produced by Charles S. Madan & Co. Ltd., of 
Broadheath, Altrincham, has now, in the latest model, 
been increased from 27,000 to no less than 55,000 psi. 
In order to be able to handle this extremely high pressure, 
it was necessary to design a complete range of suitable 
hydraulic control valves, pressure-release valves, and non- 
return valves, together with a series of pipeline couplings, 
tee-pieces, and other fittings. 


This compressed-air-operated hydraulic pump has a 
theoretical air/hydraulic pressure ratio of 1 : 694, and is 
capable of generating pressures between 25,000 and 55,000 
psi when powered by a normal shop air-line up to 100 
psi. It is particularly suitable for testing in the above 
pressure range, and for many manufacturing processes 
in the steel, chemical, and allied industries. Measuring 
only 124 x 44 x 18 in. high, the unit is portable and 
compact, and is fully automatic in operation, while the 
special air reducing valve fitted enables any intermediate 
hydraulic pressure to be obtained easily. 

This new version of the “‘ Airhydropump ” is also 
available as a mobile unit, mounted on a four-wheel 
trolley with jack-type steering, rubber tyres, and a 5-gal 
reservoir. Additional equipment for this version includes 
special stop and release valves, a 10-in. dial pressure- 
gauge graduated to 70,000 psi, air and hydraulic filters, 
and associated piping. 


Adsorption Dryers for Nuclear 
Power Stations 


In addition to a batch of eight special twin-pot 
furnaces for the Industrial Group Headquarters of the 
Atomic Energy Authority, Birlec Limited, of Erdington, 
Birmingham, announce that they have received orders 
for air- and gas-drying equipment for three nuclear 
power stations, i.e., at Dounreay and Berkeley, and in 
the south of Scotland. 

_ For the experimental power project at Dounreay, 
Birlec are to supply air-drying plant for the fast-reactor 
sphere, for which an alloy of sodium and potassium is 
used as the heat-transfer medium. This dryer, which will 
remove more than 30,000 grains of moisture per hour at 
temperatures up to 90°F, will initially be required to dry 
the whole volume of 1,030,000 cu ft of air in the sphere. 
The moisture content of 86 grains per pound must be 
reduce’ to 12 grains per pound within a period of 14 
days. When the space has been conditioned, the moisture 
conten‘ will be maintained at the latter figure by removing 
the 30, ‘0 grains per hour evolved, and also the moisture 
evolve’ in the COz adsorption plant. This entails 
Moistu. - removal even when the relative humidity is as 
OW as 5°, as would be the case when the dry-bulb 
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temperature rises to 90°F. Furthermore, while the 
equipment must be capable of dealing with this work, 
its size and weight are limited. The desiccant vessels 
must be small enough to pass through access doors only 
7 ft wide by 9 ft high, and no vessel may exceed 5 tons 
gross weight when complete and filled with alumina. 

For the Berkeley station, Birlec are to suppiy eight 
adsorption dryers and dual heat exchangers, four dryers 
to operate continuously with each reactor. Their purpose 
is to prevent condensation and consequent corrosion 
taking place in any part of the carefully prepared CO2 
gas system. Each dryer will receive 115 cu ft per minute 
of saturated gas, removing 1-25 lb of moisture per hour. 
Should a steam coil burst, the system can be returned to 
the required dryness within 12 to 14 hours. This type of 
adsorption dryer consists basically of two cylindrical 
chambers filled with moisture-adsorbent material, which 
are interconnected by valves so that, while gas is being 
dried in one, the other may be reactivated by means of 
a built-in heater. Thus, with automatic change-over 
valves, continuous drying is obtained. 

Four similar dryers are to be supplied for the South 
of Scotland station, where they will deal with a charge of 
100 tons of COz. Each unit will remove continuously a 
maximum of over 4-2 Ib of moisture from a gas flow of 
10,200 Ib per hour. The moisture content of the original 
charge will be dried from 0:05% by weight to 0-03% in 
less than 24 hours, and must be returned to the latter 
figure promptly after the addition of 1 ton of COze at 
0-05% once a day. 


‘* No-Break ’’ Stand-by Alternator 
Sets 


A new range of “ no-break ”’ alternator sets, of from 
85 to 380 kW output and operated at engine speeds of 
600 and 700 rpm, has been developed at the Stamford 
(Lincolnshire) works of the Lister-Blackstone Group. 
These sets are specifically intended to meet present-day 
requirements of atomic-power generation, telecommuni- 
cations, radar, and similar electronic circuits, and in the 
continuous-process industries, all of which demand a 
constant source of electrical energy without temporary 
shut-down losses. 

Stand-by power for such installations must be capable 
of taking over duty without a break. For this purpose, 
the ‘‘ no-break ” set includes an independent flywheel of 
substantial diameter and weight, motored by the alter- 
nator when mains supply is available. On mains failure, 
the considerable momentum of the flywheel is sufficient 
not only to start the stand-by diesel engine but also to 
drive the alternator and to maintain electrical output in 
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the circuit until the engine takes over this duty. Thus, for 
example, in the 85-kW set illustrated, the flywheel is 
5 ft 9 in. in diameter and, with the shaft assembly, weighs 
about 4 tons. The flywheel is coupled to the driven shaft 
through an air-operated friction clutch, a Lister-Black- 
stone flexible coupling and nodal damper being installed 
between this clutch and the flywheel. This unit effectively 
absorbs any harmful torsional vibrations in the shafting. 
The assembly is carried on two pedestal bearings, the 
bearing nearest the generator being constructed to house 
a gear-driven lubricating-oil pump which supplies the 
engine and these bearings whenever the flywheel is 
running. Alarms are fitted to give warning of any 

ible excess of temperature in the bearings and 
lubricating system. 

Control equipment for the engine and clutch com- 
prises a servo-reset, spring-controlled, electrically tripped 
fuel shut-off, operating directly on the pump rack 
spindle ; two balanced three-way electromagnetic air 
valves ; and two pneumatic rams connected to the clutch 
engagement mechanism. This control equipment is 
associated with a circuit-breaker with double-pole 
auxiliary contacts, giving it quick opening characteristics 
on reverse current flow. 

Vibrating Pneumatic Jigs 

Designed for the dry separation and recovery of 
material in size ranges between 3-in. cube and 10-mesh 
BSS, the range of “** Vibrair’’ jigs produced by Knapp 
& Bates Ltd., of London, W.C.2, operates on dry 
material and is particularly effective when scalping low- 
grade material to produce a clean tailing. As such, these 
jigs are particularly suitable for such applications as the 
elimination of barren waste in grinding circuits, the pre- 
paration of high-grade non-metallic minerals, and the 
recovery of valuable material from industrial wastes. 

Construction and operation of these machines are 
simple, the basic principle involved being that of an air 
cushion created above a vibrating, inclined plate. Owing 
to specific-gravity differences in the material being 
treated, light particles, which are more easily airborne, 
are carried down the plate, while heavy particles ride up 
the plate, because of their more frequent contact with 
the vibratory motion. The machine consists of a sloping 
trough, coupled to a windbox which receives air from a 
fan. The air emerges from the windbox through a porous, 
sintered phosphor-bronze plate which forms the trough 
bed. Vibration of the trough is effected by a high-speed, 
low-amplitude eccentric, this motion being controlled 
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by varying the speed of the eccentric and by adjusting four 
toggles which hold the trough in position. A control for 
the fan motor is included, to provide regulation of the 
air volume passing through the sintered plate. 

In operation, a hopper feeds material to the trough, 
a variable hopper aperture and a vibrating feeder being 
fitted to ensure even rate of feed. As the particles fall 
onto the porous plate, they are affected by the current of 
uprising air and the vibratory motion of the trough, a 
‘“* pool ”’ of heavy material forming behind a weir at the 
lower end. As soon as this pool has been formed, 
additional heavy material is carried up the slope of the 
trough, whilst lighter material rides over the pool and is 
discharged at the lower end. 

The capacities of these jigs vary according to the type 
of material being treated, and for the three units now 
being produced are from 100 to 200 lb/hr, 500 to 800 
lb/hr, and 1000 to 1500 lb/hr respectively. 


Surge-Injector Welding Units 


Two new models cf the ‘ Saturn-Hivolt”’ surge- 
injector argon-arc welcing unit, Mk. II and Mk. III, 
are announced by Saturn Industrial Gases Ltd., of 
Southall, Middlesex. These units have been developed 
directly from the Mk. I machine but, among other 
improvements, have a built-in transformer, giving com- 
plete mobility to the whole unit, which is mounted on 
castors and is very compact. 








These new machines for welding aluminium, alumi- 
nium alloys, and stainless steel have a current range of 
30 to 600 A from a 42-V open-circuit a.c. supply, giving 
the operator complete safety from shock and a very wide 
scope for welding, all the more so because automatic 
control of water and argon leaves him entirely free to 
concentrate on welding. The surge-injector unit is fitted 
with an auxiliary device which feeds a higher-voltage 
spark to strike the initial arc and, as soon as the arc is 
struck, the high-voltage pulse is automatically switched 
off and the low-voltage surge maintains the arc. 


Adhesive Stopping-off Tapes for 


Plating Processes 

A range of seven types of ‘‘ Speedfix ” self-adhesive 
stopping-off tapes for use in plating processes has been 
developed by Industrial Tapes Ltd., of London, E.C.1. 
With the aid of these tapes, stopping-off is reduced to a 
simple procedure of winding a suitable tape around the 
area to be masked, and then stripping it on completion 
of the plating process. Bearing in mind the fundamental 
requirements for suitability in plating operations, these 
tapes have been specially developed to be resistant to 
acids, alkaline solutions, and temperatures up to boiling 
point. In addition, they combine freedom from chemical 
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reaction between the adhesive and the metal surface, and 
freedom from deposit when the adhesive tape is stripped 
away, with extreme flexibility, rendering them suitable 
for stopping-off uneven surfaces, grooves, slots, etc. 
These tapes may sometimes be used in conjunction 
with conventional wax dipping, in order to obtain an 
absolutely straight edge on an otherwise entirely wax- 
covered unit. For this purpose, some of the tapes are 
available in various colours, so that the edge can clearly 
be seen through the wax coating. For convenient applica- 
tion, a special slicing dispenser is available, enabling 
the tape to be cut in any width from 0-1 up to 2 in. 


Laboratory Chassis Kit for Develop- 
ment of Electronic Equipment 


Designed to replace the various temporary chassis, 
panels, etc. required for fabrication during the develop- 
ment of electronic equipment, the ‘ Standard Chassis ”’ 
kit produced by Cowell Developments, of London, W.3, 
is a versatile laboratory metalwork system which permits 
the rapid assembly from a small number of standard 
parts of a chassis appropriate to a particular circuit 
requirement. Furthermore, the design is mechanically 
robust and permits ease of component changing, voltage 
checking, etc., while the position of all parts mounted on 
the chassis can be altered at will. Any number of unit 
chassis (each capable of accepting up to eight valves, 
etc.) may be joined together for large layouts or for 
extending chassis already in use, and units or groups of 
units can conveniently be fixed directly to standard 
rack panels. 


Facilities are provided for plug-and-socket power- 
supply connections, together with simple arrangements 
for switching and metering. If special components have 
to be mounted (e.g., screened connectors and trans- 
formers), it is a simple matter to cut blank plates to 
accept these units, and after use to return them to stock, 
together with the other components of the chassis. The 
chassis is constructed of cadmium-plated mild steel and 
is available in unit-kit form, comprising 2 end-plates, 
2 brackets, 2 runners, 6 small valve-holder plates, 3 large 
valve-holder plates, 6 potentiometer brackets, 3 large 
blank plates, 3 small blank plates, and a supply of 
screws, etc. 


Continuously Cast Iron Tubes 


_ Asa result of their experience over the past ten years 
in the production of ‘‘ Flocast ’’ continuously cast iron 
bar, Harold Andrews Sheepbridge Ltd., of Halesowen, 
Birmingham, announce the successful completion of the 
more difficult task of continuously casting iron in 
tubular form. 

Like “ Flocast ”’ iron bar, ‘‘ Flocast ” iron tube is 
manufac'ured under rigid metallurgical control and is a 
continucusly cast product formed in a special die held 
at cons!:nt temperature, being withdrawn rapidly and 
uniform!. by an electronically controlled mechanism. 
The tube is made from a standard grey iron of very close 
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grain structure, with extremely fine nucleiform graphite. 
giving high strength and wear properties, and with 
binary phosphide present in a general ‘* honeycomb ” 
network, the phosphorus content being held between 
0-40 and 0-60°%. An alternative material, designated 
H2, is also available, containing in addition 0-50°, 
chromium and 1-0 to 1-5°, nickel, this material being 
primarily suitable for heat treatment where a Brinell 
hardness of 400 to 450 is required. The standard material 
has an as-cast Brinell hardness of 200 to 230, with a small 
variation in hardness between the bore and outside dia- 
meter. Tensile strength ranges between 13 and 16 tsi, 
with a slight increase in the case of the as-cast H2. 

These tubes are guaranteed sound throughout their 
length, being entirely free from blowholes, inclusions, 
and porosity. They are available in the as-cast condition, 
or with as-cast bore and centreless-ground on the out- 
side diameter to limits of + 4 to +0-015 in. above 
nominal diameter, in sizes from 1} in. o.d. 3 in. bore to 
2? in. o.d. 2 in. bore, with a minimum wall thickness of 
$ in. and in lengths up to 6 ft. 


Inverters for Aircraft Applications 


Designed to provide, from a d.c. input supply which 
may vary from 25 to 29 V, a three-phase output of 200 V, 
400 cps, 3 kVA at any power factor between 0-8 lag and 
0-95 lead, the new inverters produced by the Aircraft Elec- 
trical Division of The Plessey Company Limited, of 
Ilford, Essex, are believed to be unique in Great Britain, 
because of their extremely high power/weight ratio. 
Each unit weighs only 60 Ib, the overall dimensions, 
including the integrally mounted control panel, being 
193 x 74 x°‘11{ in. high. 

These inverters, which are suitable for providing 
current for aircraft instruments, radar, and allied equip- 
ment, are self-cooled up to 10,000 ft and are capable of 
operating on full load in ambient temperatures between 
—30 and + 45°C. Under all these conditions, output 
voltage is held to a tolerance of + 24°, of 200 V and 
frequency to +3°% of 400 cps. These close tolerances are 
maintained by means of two control circuits, voltage 
control being by means of a carbon-pile regulator with 
a compounding transformer, and frequency control by 
means of a centrifugally operated carbon-pile governor 
of novel design. Both circuits are integrally mounted, 
and the control panel also contains the starting-gear and 
radio interference-suppression components. 


The d.c. motor consists of a shunt-wound machine 
incorporating a compensating winding and a speed- 
control winding, the latter being fed from the control 
panel. In addition, a swamp resistance is connected in 
series with the shunt winding to compensate for the large 
variation in ambient temperature in which the inverter 
has to operate. The cooling fan of the machine is capable 
of drawing cooling air through 20 ft of straight ducting. 
The machine is fitted with a flame-trap at the air outlet, 
ensuring safe operation in an atmosphere which may 
become contaminated with explosive vapours. 
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A Method for the Direct Reduction of Iron-Ore Concen- 
trate by Carbon Monoxide without Melting. 

By O. STELLING and I. PERESWETOFF-MoRATH. (From 
Jernkontorets Annaler, Sweden, Vol. 141, No. 5, 1957, 
pp. 237-260, 12 illustrations.) 

Ir iron oxides in a fluidized bed are reduced by carbon 
monoxide at high temperatures, the process is disturbed 
by the fact that the grains stick to each other when a 
certain content of metallic iron is attained. However, if 
the reduction is accomplished under suitable conditions 
in a fluidized bed at a lower temperature (about 600°C), 
cementite is formed, instead of metallic iron, and no 
tendency to sticking can be observed. Under the condi- 
tions used, the formation of cementite is so rapid that 
the carbon monoxide does not decompose into carbon 
and carbon dioxide. 

Reaction velocities have been determined for different 
hematite ores, as well as for oxidized and non-oxidized 
magnetites, and, as described in this paper, a technical 
process has been worked out, based on the experimental 
results obtained, and has been studied on a pilot-plant 
scale. The results are very promising. The method is 
continuous, and experience from other fluidization pro- 
cesses indicates that the size of the plant can be varied 
between wide limits. The capital investments necessary 
are fairly small, the risks of scaffolding are entirely 
eliminated, and the heat economy can be estimated to 
be as good as that obtained with the Wiberg-Séderfors 
method. The cementite is resistant to air and is not 
pyrophoric. Cementite or a mixture of cementite and 
wistite as the end-product opens up new possibilities 
for further processing. In addition, the method can be 
easily incorporated in a continuous system. 

Compared with the method of reduction by hydrogen 
in a fluidized bed, as introduced in the U.S.A., the 
method described has a number of advantages. Thus, 
ordinary atmospheric pressure is used, and no cooling or 
heating cycles for the reduction gas are necessary. 
Furthermore, it would appear that it should not be im- 
possible to use either oil or natural gas as raw materials 
for the reduction gas. 


Optical Studies of Crazed Plastic Surfaces. 

By S. B. NEWMAN and I. WoLock. (From Journal of 
Research of the National Bureau of Standards, U.S.A., 
Vol. 58, No. 6, June 1957, pp. 339-350, 18 illustrations.) 

WHEN transparent thermoplastics such as polymethyl 
methacrylate or polystyrene are exposed to a sufficiently 
high tensile stress or to solvents, deterioration of their 
optical properties occurs. This deterioration results 
from the formation of cracks which impair light trans- 
Mission, cause optical aberrations, and reduce the 
Strength properties of the material. Commonly known 
as “crazing”, this phenomenon is encountered in a 
variety of products, and is obviously of considerable 
economic importance to manufacturers and users of 
plastic items. A number of investigators have reported 
the results of work on the mechanism, characteristics, 
and elimination or prevention of crazing. However, 
crazing remains a serious consideration in plastics 
applications and many aspects of the problem require 
intensive study. 

As described in this paper, optical studies were made 
of crazed surfaces, principally those of cast polymethyl 
methacrylate. The techniques used for these studies were 
multip'c-beam interferometry and light and electron 
Microscopy. The dimensions of the craze cracks pro- 
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duced by short-time stress crazing and by stress-solvent 
crazing were determined by these techniques. Stress- 
crazed specimens contained the smallest cracks cbserved 
during this investigation. The dimensions determined 
in some of these specimens were :—Length, 2 to 10 p ; 
width, 0-1 to 0-25 » ; and depth, 0-05 to 0-15 yp. In other 
specimens and in solvent-crazed surfaces the dimensions 
were larger. The craze cracks did not appear to ap- 
proach dimensions unresolvable by the electron micro- 
scope but, instead, appeared to have a minimum crack 
length. 

An elevation of the surface in the vicinity of craze 
cracks was observed, of the order of 0:02 u for cracks 
produced by stress-crazing and 0-3 p for those produced 
by stress-solvent crazing. This rise was observed in 
crazed specimens while still under load. The typical 
surface displacement was noticed in specimens crazed 
in tension produced by flexure, as well as in pure tension, 
and was observed in polystyrene and in polymethyl 
alpha-chloroacrylate, as well as in polymethyl metha- 
crylate. 

Some crazed specimens, in which the crazing had 
apparently “ recovered ” when viewed with the unaided 
eye, still exhibited the surface displacement typical of 
crazed specimens. Experiments conducted by heating 
stress-crazed specimens and stress-solvent-crazed speci- 
mens to accelerate the recovery of crazing indicated that 
surface recovery is essentially complete*in the former 
case but not in the latter. This difference in recovery 
behaviour is probably due to the nature of the deforma- 
tion associated with the two types of crazing. 

Tensile specimens to which loads had been applied 
that were slightly too low to produce immediate crazing 
did not exhibit surface displacements typical of crazed 
specimens. 


Investigation of the Velocity Field of a Non-Rotating 
Bladeless Impeller by the Electrolytic Tank Method. 
By T. SZENTMARTONY and A. VERBA. (From Acta 

Technica Academiae Scientiarum Hungaricae, Hungary, 

Vol. 16, No. 3/4, 1957, pp. 371-382, 13 illustrations.) 
THE object of the investigation described in this paper 
was to obtain data providing a basis for determining 
whether there was any possibility of separation occurring 
at the inlet fairing of a fan impeller with an undisturbed 
velocity field at the positions of the blades. For this 
purpose, it was necessary to obtain measured values for 
the absolute meridian-velocity field, particularly along 
the inlet fairings and at the blade positions. Measure- 
ments were made by the electrolytic tank method, based 
on the fact that the flow velocity at any point around a 
body of revolution is proportional to the voltage gradient 
at the corresponding point of the tank, in the direction 
of the velocity. 

The wooden electrolytic tank was designed as an 
elbow-shaped pattern of varying depth, representing one 
segment of the impeller, the impeller space being filled 
with water and the electrodes fitted at the two ends of the 
elbow-shaped pattern. An electrode voltage of 14 V was 
used and, to prevent electrolysis, a 300-cps voltage was 
taken from a signal generator. A needle of 0-25 mm 
diameter, mounted on a horizontal holder, was dipped 
into the electrolyte at the various positions investigated. 
The needle divided the resistance of the water between 
the end-electrodes and the needle into two parts, which 
were connected with two other non-inductive resistances 
in a Wheatstone-bridge circuit. A voltmeter was con- 
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nected across these resistances, i.e., in parallel with the 
end-electrodes ; the centre point between the resistances 
was earthed and the earth lead and the screened output 
lead from the needle were connected to the input ter- 
minals of an amplifier acting on the Y-plates of an 
oscilloscope. The X-plates were connected to the 
secondary of a transformer with two primary windings, 
of which one was fed from the 300-cps signal generator, 
while the other, in parallel with the voltmeter, received 
the output from the end-electrodes. The oscilloscope was 
used as a null-indicating instrument. 

The results obtained can be summarized as follows :— 

(1) There is an appreciable difference between the 
meridian velocities at the front disc and the rear disc, 
even with impellers of reduced width. ; 

(2) In further contrast to the usual average-velocity 
calculations, it was found that the velocity diminishes 
rapidly along the front disc, whereas it is nearly constant 
along the rear disc, so that the possibility of a twisting of 
the blades may require examination. ; 

(3) The maximum velocity on the curved front disc 
depends mainly on the impeller width, being nearly 
doubled when the width is increased from 32 to 81 mm, 
whereas the effect of the hub on maximum velocity is 
much less pronounced. 

(4) The ratio of the maximum meridian velocity to 
the velocity at the end of the curved transition of the 
front disc is approximately independent of the hub, but 
is increased by 50% when the impeller width is increased 
from 32 to 81 mm. 

(5) The maximum meridian velocity is at about 53 
deg. on the circular transition of the front disc (0 deg. 
being on the inlet side of the transition) for a narrow 
impeller, and is not altered by the hub; for a wide 
impeller, the maximum is at about 30 deg. without a hub, 
and drops even further with various hubs. 


. 


Strain-Ageing of Aluminium-M; Alloys. 





By A. R. C. Westwoop and T. Broom. (From Acta 


Metallurgica, U.S.A., Vol. 5, No. 5, May 1957, pp. 

249-256, 12 illustrations.) 
STRAIN-AGEING arising from the interaction between 
solute atoms and dislocations can greatly influence the 
behaviour of alloys under various conditions of mech- 
anical testing. The yield-point and repeated yielding 
phenomena found during the tensile testing of mild steel 
are well known and are caused by strain-ageing involving 
interstitial carbon and nitrogen atoms. However, in 
substitutional alloys these effects are not so marked, 
because the interaction energy between solute atoms and 
dislocations is much less for substitutional atoms 
(estimated at about 0:2 eV for magnesium in aluminium) 
than for interstitial atoms (about 0-5 eV for carbon in 
iron). The concentration of solute atoms required to 
produce recognizable strain-ageing effects is thus larger 
for substitutional alloys than for interstitial alloys. For 
example, at room temperature, only about 10-7% of 
carbon in iron can give rise to a sharp yield point, but in 
aluminium at least 10-1% of solute element is required. 

The authors consider that the low activation-energy 
values observed for aluminium-magnesium alloys may 
be explained by taking into account the movements of 
excess vacant lattice sites produced by the cold work 
prior to the ageing treatment. The investigation de- 
Scribeci in this paper was therefore carried out to examine 
this vacancy-assisted strain-ageing hypothesis and to 
obtain accurate values of the activation energies for 
Strain-aseing in aluminium-magnesium alloys. High- 
Purity «.\loys were used, containing between 0:5% and 3% 
Magnes;im by weight. In these experiments it was 
assume that the yield drop (the difference between the 
upper »\d lower yield stresses) could be used as a measure 
of the -train-ageing that had occurred in a specimen 
during given strain-ageing treatment. Thus, tests were 
perfor’ -d in which tensile specimens were prestrained 
fixed  -ounts at liquid-air temperature and then aged 
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for various times at various temperatures between 208 
and 369°K. The yield drop occurring during the subse- 
quent tensile test at liquid-air temperature was recorded. 
From a consideration of the variation in yield drop with 
time and temperature of ageing it was possible to deter- 
mine the activation energies for strain-ageing in the 
several alloys used. 

These investigations are described and some tentative 
ideas put forward in explanation of the results obtained. 
The strain-ageing of the aluminium-magnesium alloys 
was studied as a function of composition and prestrain 
(1 to 15% extension). Activation energies in the range 
0:27 to 0-47 eV have been deduced. In alloys of high 
(3°) magnesium content the early stages of strain-ageing 
are considered to be associated with rapid diffusion near 
dislocation cores but, in the later stages and in dilute 
alloys, strain-ageing is caused by the migration of magne- 
sium atoms, aided by the lattice vacancies produced 
during the prior strain. Thus, the activation energy is 
that required for movement of vacancies under the pre- 
vailing conditions. During prolonged ageing of 1 and 3% 
magnesium alloys at room temperature and after shorter 
ageing times at higher temperatures, some form of pre- 
cipitation apparently occurs. 


An Ignitron Contactor for Direct-Press Drives. 

By D. L. Pettit and R. Montross. (From Applications 
and Industry (A.1.E.E.), U.S.A., No. 31, July 1957, pp. 
110-113, 5 illustrations.) 

THE usual method of allowing the main drive motor of a 
large draw-press to run continuously while the press is 
started and stopped by controlling a clutch has become 
extremely costly because of production interruptions for 
clutch maintenance. By gearing the drive motor directly 
to the crank of the press, and starting and stopping the 
motor for each operating cycle, the problem of clutch 
maintenance is eliminated. However, as motor horse- 
powers increase, it becomes evident that the problem of 
maintenance has not been eliminated, but merely 
transferred from the clutch to the motor and its con- 
troller. 

Since the motor is started and stopped for each stroke 
of the press, a large contactor must close and open the 
circuit for each cycle of operation. The high rate of 
operation causes rapid erosion of the contact tips, and 
contributes to relatively short mechanical life of the con- 
tactor. Shock-loading of the gear train each time the 
motor is connected to the line causes damage to gears, 
shafts, and keyways, eventually requiring complete 
overhaul of the press. Additional contributions to 
contactor distress and motor maintenance are produced 
during die set-up procedures, when the operator may 
repeatedly inch the press through most of a complete press 
cycle. In these circumstances, arcing is present at the 
contactor tips. The motor may be subjected to very 
severe transients which produce additional thermal and 
mechanical stresses in rotor bars, rings, and phase wind- 
ings. Inrush currents to the motor may be sufficient to 
produce welding of the main contactor, shutting down 
the press. 

The ignitron contactor for direct press drives is a new 
approach to relieving these difficulties. By connecting a 
pair of ignitrons back to back in each of the three phases, 
a contactor is obtained which is capable of closing the 
circuit for each operating cycle and which can still render 
long, trouble-free service. The use of ignitrons as con- 
tactors permits utilization of their useful characteristic 
of reducing output voltage by retarding their firing angle, 
commonly known as phase-back. By incorporating 
phase-back action with slope control, the motor terminal 
voltage is permitted to build up to nominal value in a few 
cycles. Thus, a cushioned start of the motor is obtained 
with negligible increase in starting time. 

The cushioning action of the phase-back circuit has 
several useful functions. It minimizes the effect of the 
d.c. transient in the motor, thereby reducing the com- 
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joins the —7hustinlite rotary switches 


This new switch is identical in principle to the well 
established A50 and Ago rotary switches. It has the 
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ponent of braking torque caused by this transient. Slack 
in the gear-train is taken up softly, instead of with a sharp 
hammer blow as would occur when the motor is started 
at full line voltage. Magnetic forces within the motor are 
reduced at the moment of voltage application, lessening 
stress to the rotor conductors and reducing working of 
the phase windings to the point where motor life is multi- 
plied. Smaller increments of movement are possible when 
inching the press, because the small relays used to control 
the ignitron circuits are much faster in response than the 
large mechanical contactors normally used to control 
motor current directly, making the press respond more 
quickly for inching operations. An incidental benefit is 
the great reduction in the noise level of controller opera- 
tion when ignitrons are used. 


An Evaluation of Tests for Forgeability. 
By A. B. Draper. (From ASTM Bulletin, U.S.A., 
No. 223, July 1957, pp. 62-68, 10 illustrations.) 

Many attempts have been made to compare the forge- 
ability of certain types of alloys. However, the wide 
variety of forged shapes, and the fundamental differences 
between the alternative procedures by which a particular 
part can be forged, make it very difficult to define or 
measure forgeability. The present survey of literature and 
of established commercial practices indicates a pro- 
nounced lack of agreement in this respect. 

Forgeability resolves itself into measuring three 
characteristics, i.e., flow stress, or internal friction ; 
ductility ; and friction coefficient, or external friction. Of 
these, flow stress and ductility are basic properties of the 
metal. The friction coefficient is a complex physical 
constant depending on the mechanical and chemical 
properties of the surfaces of the work and the tool in 
contact, and on the lubricant applied to reduce friction 
and protect the die surfaces. In hot-forging, tzmperature 
and speed are two important variables. In fact, the range 
of temperatures and speeds which can be used for a given 
alloy might be considered a fourth component of the 
term forgeability. 

From the discussion on forgeability tests presented in 
this paper, the following primary facts emerge :— 

The forgeability tests now used have been primarily 
designed to test materials prior to forging the cast ingot 
into a billet, or prior to rolling billets, plate, and shzet. 
No standard forgeability test has been developed for 
closed die forging. 

Many of the forgeability test methods proposed 
necessitate equipment other than forging presses and 
hammers. 

_ Static tests, performed at slow speeds, frequently 
yield a different rating of the materials from those found 
in forging practice. They may either depreciate or 
enhance certain features of forgeability observed at higher 
rates of straining. 

A practical forgeability test must supply values which 
clearly delineate or identify each of the three distinctly 
different characteristics previously mentioned. The two 
major variables which affect these three characteristics 
are the forging temperature and, particularly for certain 
types of materials, the forging speed. In addition, ductil- 
ity depends greatly upon the type of forging and possibly 
also upon the same factors which determine friction. The 
frictional resistance depends particularly upon the 
lubricant. It may also be affected by the roughness of the 
die and blank contact surfaces. 

Tic compression test, when fully evaluated by a set of 
force stroke curves, can supply all three components of 
forgesbility. Several other tests have been used to evalu- 
ate tic friction and flow stress in cold-forming oper- 
ations, but these have not been evaluated for hot- 
form ig. In addition, the use of a conical-mandrel 
inde ation test and extrusion into a cavity have been pro- 
Pose but not evaluated. Some success in evaluating 
duct by a bulging or expansion test has been achieved, 
but work has not been completed. 
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An Appraisal of Ceramic 
Cutting Tools 
(Concluded from page 386) 


breaker, it is still probably advisable to use a carbide 
chip-breaker, and a useful rule of thumb is to position 
the chip-breaker at a distance equal to about twelve times 
the feed rate from the cutting edge of the tool, with a 
minimum distance of about 4 in. Ground-in grooves 
can be quite successful with the right cutting conditions 
but have the disadvantage that they can be worse than 
useless if cutting conditions are changed appreciably. 
With either a clamped chip-breaker or a ground-in 
groove, it is better to have the cutting edge and the chip- 
deflecting edge not quite parallel, so as to prevent the 
curled chip from striking back onto the tip near the 
cutting elge. 

Ceramic and sintered oxide tools have been used for 
boring operations and non-single-point cutting. Milling 
tests have been partially successful, inasmuch as soft 
non-ferrous metals were cut, but results with steels have 
been very poor indeed. One American manufacturer has 
marketed reamers with oxide inserts, but no objective 
report on these is available. 


40 








ae 





*~ 


TOOL LIFE, min 


aN 
a 





td 


10 20 30 40 50 
MOLYBDENUM , % 
Fig. 8. The effects of additions of molybdenum to a ceramic tool, when 


cutting a 45-ton steel, using a cutting speed of 380 fpm, a depth of cut 
of 0-160 in., and a feed of 0-022 in./rev. 























In concluding this review, it is perhaps apposite to 
mention the attempts which have been made to produce 
ceramic/metal alloys. So far, the work has been on a 
very limited scale and has been virtually restricted to 
chromium and molybdenum. Fig. 8 shows the effect of 
adding up to 50% of molybdenum to a ceramic.? The 
tool life is increased but the amount of metal to be added 
appears to be fairly critical. Reports’ indicate a good 
degree of success on steels when using ceramic/metal tips 
of this type. 
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NOW THERE ARE EIGHT 
BERCO cURRENT SATING: — 
TOROIDAL RHEOSTATS 


8.66 10,00 12.50 
7.07 fs 
5.75 7.07 
So popular has the original range of five 
Berco rheostats become that three new 
models have been introduced. Like all 
Bercostats they have five important 
features :— 
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Two-In-One 
Unit 


REWIRABLE OR H.R.C. 





One of the outstanding features 
which have made the new “H” 
Type Slydlok Fuse universally 
popular is its ability to accept 
either Rewirable Fuselinks or 
H.R.C. Cartridge Fuses without 
any modification to the base or 
holder, a simple and economical 
arrangement which saves time, 
trouble and tempers. 
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EDWARD WILCOX & CO. LTD., WYTHENSHAWE, MANCHESTER, 22. 
Tel: WYT 2235/6/7. Grams: ‘‘Slydlox’’ Manchester. 
London Office: Fulwood House, Fulwood Place, W.C.1. Tel: CHAncery 2206. 
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New Materials, Processes, and Equipment 








HYDRAULIC AND BENCH PRESSES 
Two new presses, the No. 7 12-ton hydraulic press 
and the No. 8 3-ton bench press, have been announced 
by Pilot Works Ltd., of Bolton. These items, which were 
featured at the recent Engineering, Marine, and Welding 
Exhibition, are shown in the illustration, in which the 
No. 7 press is on the left and the No. 8 on the right. 


Model No. 7 has a work-table with a surface of 12 x 
12 in. and has a daylight, stroke, and throat dimensions 
of 12, 6, and 12 in. respectively. This press has a foot- 
pedal control with an alternative pressure valve, adjus- 
table from 0 to 12 tons. The free-travel down-speed of 
the stroke is 3 sec, with a return speed of 4 sec, while the 
travel speed under load is } in. per sec. This model, 
which is powered by a 2-hp electric motor, occupies a 
space of 3 x 1 x 6 ft high. 

Model No. 8 is powered by a }-hp electric motor, 
providing free-travel speeds of 1 sec down and 1% sec 
return, and a travel speed under load of % in. per sec. 
The size of the work-table is 10 x 8} in., the stroke is 
3} in., and the press, which is controlled by a hand lever, 
has a daylight and throat dimension of 7} and 5} in. 
respectively. The overall dimensions of the press are 
1ft9 in. x 1 ft lin. x 3 ft 1 in. high. 


ENGINE-SPEED CONTROL UNIT 
_ The Bryce ** Speedlock ”, introduced by Bryce Berger 
Limited, of Staines, at the recent Engineering, Marine, 
and Welding Exhibition, is a powerful all-purpose servo- 
goveror which provides extremely accurate engine- 
speec control. Operating on an entirely new principle, 
the * ‘:peedlock ”, the present model of which is suitable 
for st engines in the 500 to 5000 hp range, is hydrauli- 
cally « nnected to a remotely driven gear-pump and can 
be fit_d in any convenient location. 
_ 1 ~ important characteristic of the ‘* Speedlock ”’ is 
itsne’ concept of speed sensing, in which an engine-driven 
gear- mp displaces a hydraulic fluid through a nozzle 
toin ge against a spring-biased scoop. The faster the 
“MBER, 
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engine runs the greater the force the jet exerts. This simple 
mechanism has an extremely low moment of inertia and 
therefore responds very rapidly to speed changes. More- 
over, there are no sliding pistons to introduce friction or 
become contaminated with dirt. 

The advantages afforded by this new principle are 
particularly great when it is used to feed a servo-ampli- 
fier. The amplifier requires a source of hydraulic fluid 
to provide its motive power, and the same source serves 
to operate the scoop by placing the nozzle and scoop 
chamber in tandem with the amplifier circuit. As there 
are no other rotating parts, a single pump, divorced from 
the “* Speedlock ”, operates the whole mechanism and 
offers the advantage of utilizing any convenient drive, 
irrespective of its location and attitude. 


PNEUMATIC SHEAR 

Shown for the first time at the recent Engineering, 
Marine, and Welding Exhibition, the new LBK 31 
pneumatic shear manufactured by Atlas Copco (Great 
Britain) Ltd. has a cutting speed of 20 fpm in 14-swg 
mild-steel sheet and, by virtue of its low weight of 5} Ib 
and compact design, is easy to operate. The handle is 
made as an extension to the upper part of the motor 
body, which affords protection for the operator’s hand. 
The LBK 31 is powered by an Atlas Copco vane-type air 
motor, with a low air consumption. 


A new design of tubular inlet valve ensures that pres- 
sure losses are kept at a minimum, and for this reason the 
power is unusually high in proportion to the size of the 
motor. Lubrication is achieved with a built-in lubricator 
which automatically supplies the motor with oil, and the 
silencer, which is incorporated in the body of the machine, 
ensures quiet operation. To suit sheets of varying thick- 
ness, the renewable cutting blades can be quickly adjusted. 


INDUSTRIAL PROCESS TIMER AND 
TEMPERATURE-CONTROL UNITS 

Two new instruments for industrial purposes, a 
process timer and a _ temperature-control unit, are 
announced by Airmec Limited, of High Wycombe, 
Bucks. Both types of unit are housed in a small robust 
case, as shown in the illustration, which depicts the 
process timer. 

The timer, type N237, provides an accurately timed 
switching facility for industrial control purposes over 
the range of 1 to 10 sec and 10 to 100 sec. The starting 
signal may consist of the connection or disconnection of 
a pair of contacts and may be either a short pulse or a 
contact longer than the timing period. The versatility of 
the timer also allows it to be connected in a number of 
different ways, e.g., two timers back to back, two or 
more in tandem, or three or more in a ring circuit. The 
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unit can be supplied 
with the time con- 
trol adjustable by 
| means of a knob on 
the front panel or 
by a sealed screw- 
driver slot to pre- 
vent tampering. 
The temperature 
control unit, type 
N241, is a_ highly 
sensitive robust in- 
strument suitable 
for incorporation in 
industrial _ installa- 
tions. It operates 
= over the temperature 
range —70°C to +600°C, control being effected by a 
heavy-duty output relay fitted with three sets of contacts, 
ie., 8-A single-pole changeover, 1-A single-pole change- 
over, and 1-A single-pole make-before-break. The sensi- 
tive element is a small platinum resistance, extremely 
robust and completely stable. It is available in two 
forms, either } in. diameter by 2 in. long, or } in. dia- 
meter by 6 or 24 in. long. Operation of the output relay 
is effected by a 0-1°%, change in the value of the tempera- 
ture-sensitive resistor, representing a temperature change 
of about 0-4°C. 


HEAVY-DUTY TWIN-JAW VICE WITH TWO- 
SPEED MECHANISM 

Fitted with two independent 6-in. wide sliding jaws, 
the “ Hylo ’? Twin-Six vice announced by Alfred Herbert 
Ltd., of Coventry, is fitted with a graduated swivel base 
and incorporates an automatic differential two-speed 
mechanism which provides a convenient solution=to_the 
problem of gripping large workpieces. 





2 j 





_ The operation of a vice of this design with conven- 
tional lead-screws would be very tedious and would 
detract considerably from the advantage of holding with 
a double grip. In the ‘‘ Hylo”’ vice, however, this dis- 
advantage is overcome by the extremely rapid opening 
and closing of both moving jaws with the two-speed 
screw. Each shaft moves its jaw at a rate of 0-5 in. per 
revolution of the handle. Contact with the workpiece 
automatically changes the pitch to 0-1 in. advance per 
revolution, a final quarter-turn being all that is necessary 
to grip the work firmly. A further advantage is the 
ability to double-load smaller pieces, even if they are not 
of exactly the same thickness. The two-speed device is 


| fully automatic and operates at any point between fully 


open and closed. The mechanism is completely enclosed, 
and readily removable filler plates in progressive lengths 
are provided for protection of each lead-screw from 
swarf or chippings. 

_ Should the vices be located on the bed of a machine 
in such 2 way that the handles cannot be fully revolved, 
the finger-grip hand-wheel fitted to each shaft provides 
rapid positioning of the moving jaw prior to gripping. 
Thereafter, full grip and release are obtained without 


» femoviny the handle from the shaft. 
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BULK-FUEL FILTER-SEPARATOR 

The new “ Purolator” bulk-fuel filter-separator 
produced by the Automotive Products Company, Ltd., 
of Leamington Spa, is not only of compact design but 
performs two important functions simultaneously, i.e., 
it extracts both water and solid particles from fuels. 
Although primarily intended for aircraft fuelling opera- 
tions, these filters, which are available in a range suitable 
for flow rates from 250 to 750 gpm, are equally suitable 
for us2 in diesel fuel-storage depots, large engine test- 
houses, dockside installations, etc. 

The efficiency of water removal naturally depends 
to some extent on operating conditions, but these filter- 
separators are stated to have proved 99-98% efficient in 





most circumstances. Insofar as solid impurities are con- 
cerned, all solids greater in size than 5 microns are re- 
moved by the filter, together with a large proportion of 
smaller particles. 


7-ROLL PLATE-LEVELLING MACHINE 

A new 7-roll plate-levelling machine, produced by 
The Bronx Engineering Co. Ltd., of Lye, near Stour- 
bridge, and shown for the first time at the recent Engin- 
eering, Marine, and Welding Exhibition, comprises 
seven carbon-steel straightening rolls, of which the three 
bottom rolls are 10} in. in diameter, the two outer top 
rolls 9 in. in diameter, and the two centre top rolls 104 in. 
in diameter. The bottom rolls are driven, all top rolls 
being idle and provided with a means of adjustment to 
suit the material. All rolls can be adjusted simultaneously, 
whilst the two outer top rolls have separate handwheels 
for setting. Indicators are provided to show the roll 
settings. 











The machine, with a 25-hp, 960-rpm main drive motor 
and a 5-hp, 960-rpm motor for adjusting the top rolls, is 
capable of handling plates up to 4 in. in thickness and 
6 ft in width, and operates at a speed of about 20 fpm. 
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NEWS OF THE MONTH 








PERSONAL 


The Council of the Institution of Production Engin- 
eers announce that The Right Hon. The Earl of Halsbury, 
F.R.LC., F.Inst.P., M.I.Prod.E., has been elected Pre- 
sident of the Institution for the year 1957-58. Lord 
Halsbury has been since 1949 Managing Director of the 
National Research Development Corporation, which 
was set up under the Development of Inventions Act, 
1948, mainly to ensure the development and exploitation 
of inventions resulting from public research. 

Mr. H. G. Gregory, M.1.Pred.E., the present Chair- 
man of Council, has been re-elected for a further year of 
office. 

Mr. H. W. Bowen, O.B.E., M.I.Mech.E., 
M.LProd.E., has been re-elected for a further year of 
office as Vice-Chairman of Council. 


Sir Nevil Macready, Bt., has been appointed Manager 
of Supply Department of Mobil Oil Company, London, 
§.W.1. He will report to Mr. J. A. Paul, who, since the 
beginning of this year, has carried out the dual function 
of Director and Manager of this Department. 


Babcock & Wilcox Ltd. announce the appointment 
to their Board of Directors, on 11th June, 1957, of Mr. 
lain Maxwell Stewart, B.Sc., A.M.I.Mech.E., M.I.N.A., 
M.I.Mar.E., and the Rt. Hon. Lord Bridges, P.C., 
G.C.B., G.C.V.O., M.C., F.R.S. 


Associated British Oil Engines Marine (Mirrlees) 
Limited, Stockport, have made a number of new ap- 
pointments. 

Mr. G. W. Thwaites, A.I.Mar.E. has become Sales 
Manager. He has, since 1946, been the company’s 
representative in the North Coast Area. Mr. M. W. 
Dunham, who for the past two years has represented 
the company on the East Coast, has been appointed 
London Manager. Mr. G. E. Cook, previously on the 
design staff of William Doxford & Sons, succeeds Mr. 
Thwaites. Mr. R. S. Bickerton, B.A., A.M.I.Mech.E., 
has been appointed Area Sales Engineer for the Liver- 
pool and North West Coast. Mr. A. A. Adley becomes 
Area Sales Engineer for Hull and District. The company 
now has staffed service depots at Fleetwood, Aberdeen, 
and Grimsby, giving a full ‘‘round the clock”’ service. 


Newly appointed Works Manager to Westool 
Limited, St. Helen’s, Auckland, is Mr. James F. Westa- 
way, A.M.I.Prod.E. He was previously with Wild- 
Barfield Electric Furnaces Ltd., as Assistant Works 
Manager. 


The Northern Aluminium Company Limited announce 
that Mr. C. J. Buchanan-Dunlop, formerly of Birming- 
ham Sales Office, has taken up the appointment of 
Manager of the Sales Administration Division, Banbury, 
and that Mr. J. A. Ambler, formerly head of the Metal- 
lurgical section of the Sales Development Division, takes 
charge of a newly-formed Market Research section of 
the Sales Department, also with office in Banbury. 


It has been announced that Mr. John S. Webster is 
appointed! Joint Managing Director of the Sheffield 
Twist Drill & Steel Company Limited, Sheffield, 11. 
Mr. Webster has been with the Company for 43 years 
and has been a Director for seven years. Mr. C. P. 
Morley ‘; appointed Works Manager of the Summer- 
field Str: ct Works, and Mr. G. Orwin Works Manager 
of the S:-'ferino Street Works. 
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J. W. Simpson, A.M.I.E.E., has been appointed 
Chief Electrical Engineer to The Coniston Company, 
Engineering Consultants, Eagle House, Wimbledon. 
Before joining this Company he was an Electrical 
Engineer in the Technical Division of Unilever Limited, 
London. 


On Ist July, Mr. E. W. Jones, B.Sc., A.Inst.P., was 
appointed Sales Manager of Isotope Developments 
Limited, Aldermaston. 


Mr. G. S. Webster, A.M.I.M.E.E., has been placed 
in charge of the Stoke-upon-Trent Sub-Office of The 
English Electric Company, where he will be responsible 
for the sale of all products. He previously specialized 
in the sale of “*C”’ type transformer cores manufactured 
at the English Electric Liverpool Works. Mr. Webster 
succeeds Mr. R. Edwards who has left the Company. 


British Oxygen Chemicals Limited have appointed 
two new Directors. They are Mr. Leslie G. D. Sheldrake, 
B.Sc., A.M.I.Chem.E., A.R.I.C., who is appointed 
Works Director, and Mr. J. M. Williams, B.A., who 
becomes Sales Director. The appointments were effec- 
tive from Ist July. 


Mr. M. Seaman has, from Ist July, moved from the 
Board of British Oxygen Gases Limited, where he will 
be Director responsible for equipment manufacture. 
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Th’s performance, typical of many results from ‘“ Easicut’’ Taps, was kindly 
reported to us by Ritherdon & Co. Ltd., Lorne Street, Darwen. A No. 1 B.A. 
tap was used on Bright Mild Steel Angle in a normal drilling machine fitted with a 
tapping chuck. 


Makers of high quality Engineers’ Cutting Tools for over a Century. 





ENGLISH STEEL TOOL CORPORATION 
North Street Works, Openshaw, Manchester 


A wholly owned subsidiary of English Steel Corporation Ltd., Sheffield. ° 
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BUSINESS NEWS 


Birfield Limited, London W.1, announce the forma- 
tion of a new subsidiary company, Birfield Engineering 
Ltd. whose special function is to be the co-ordination of 
engineering activities among the companies that make 
up the Birfield Group. The new Company’s activities 
will include both the improvement of current, and the 
development of new, products for the Group. The 
Managing Director of Birfield Engineering Ltd. will be 
Mr. G. W. M. Lush. Mr. D. Bastow, B.Sc.(Eng.), 
M.LMech.E., and Mr. E. J. Rabson, A.M.I.Mech.E., 
MS.A.E., will also be Directors of the new Company, 
whose headquarters will be in Birmingham adjacent to 
the factory of Hardy Spicer Limited in Chester Road as 
soon as the building is completed. 


James C. Kay & Co. Ltd., Bury, Lancs, has recently 
become a wholly-owned subsidiary of The Newall 
Engineering Co. Ltd., Peterborough. 


The British Stec] Castings Research Association 
announces that it has entered into an arrangement with 
the Steel Founders’ Society of America for the exchange 
of information at their respective Annual Conferences. 
Each association will, in alternate years, invite the other 
to nominate a speaker to address its annual conference 
ona selected subject. The scheme is being initiated this 
year with an invitation from the S.F.S.A. for representa- 
tives of the B.S.C.R.A. to address the S.F.S.A. Technical 
and Operating Conference in Cleveland, Ohio, 11th-13th 
November, on the subject of the application of the 
graphite-rod resistor furnace to steel foundry practice, 
and the use in steel foundries of the immersion pyro- 
meter for the measurement of liquid-steel temperatures. 


An attractive new three-storey warehouse and office 
block has been opened by The Glacier Metal Company 
Ltd. opposite their main London factory at Alperton. 
The new building houses the main stores and adminis- 
trative offices of the Replacement Bearing Unit—a self- 
contained part of the Glacier organization concerned 
solely with the storage, packaging, and merchandising 
of their automobile, truck, and tractor replacement 
bearings and bushes, for both Home and Export markets 
throughout the world. Apart from this new central 
warehouse, replacement bearings are stocked at the 
Company’s depots in Manchester and Glasgow, and by 
over one hundred distributors throughout Great Britain. 
There are also extensive stocks in nearly all countries 
overseas, these being administered by the Company’s 
Factory Representatives and Distributors. 


It has been announced that the Hawker Siddeley 
Group Ltd., and John Brown & Co. Ltd., are to form a 
new company, to be known as Hawker Siddeley John 
Brown Nuclear Construction Ltd. (with a capital of 
£500,000), in which Hawker Siddeley and John Brown 
will be equal partners. 


Sir James Bowman, Chairman of the National Coal 
Board, recently visited the Board’s Mining Research 
Establishment at Isleworth to open new laboratories, the 
completion of which marks the final stage in a programme 
of converting what was formerly a film studio into a 
research establishment. 


Bill Switchgear Ltd., Birmingham, 20, have now 
acquired larger premises for their Glasgow Branch office 
and stores. The new premises are located at 20 Sandy- 
ford Place, Sauchiehall Street, Glasgow, C.3. The new 
telephone rumber is Central 0960. Mr. J. D. Harris is 
the Manager of this Branch. The Company also intends, 
with effect from Ist August, 1957, to operate their Lon- 
don Branch office and stores from Gillingham House, 
38-40 Gillingham Street, Victoria, London, S.W.1. 

The new te!<phone number will be TATe Gallery 0871. 
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The Sheffield Twist Drill & Steel Co. Ltd., Sheffield, 
10, announce the completion of new extensions and 
installation of new machinery at their subsidiary com- 
pany, Accurate Screw Threads Ltd., Precision Works, 
Hednesford, Staffs. The Company is now in a position 
to undertake further sub-contract work—complete 
assemblies, precision and repetition machining, etc., and 
Mr. G. Sharpe, the resident director will be pleased to 
deal personally with any enquiries: The Company is 
fully approved by the A.I.D. and A.R.B. 


The new London Office address of Wm. Beardmore 
& Co. Ltd., is 11 Hamilton Place, Piccadilly (Hyde Park 
Corner), London, W.1. Telephone, Grosvenor 8786. 


Simms Motor Units Ltd., London, N.2, have ap- 
pointed Mr. M. Ratschunas as their direct factory 
representative for Sweden. Mr. Ratschunas is already 
well known among tractor and commercial-vehicle 
operators in Sweden, having, since 1936, been looking 
after the interests of such well-known concerns as 
Nuffield Exports Ltd., Rootes Ltd., and Dunlop Rubber 
Co. Mr. Ratschunas’ address in Sweden is Bergsgatan 
35A.1V, Malmo. 


Users of Jessop tool steels in the Birmingham area 
can now take advantage of a recent arrangement made 
between William Jessop & Sons Ltd., Sheffield, and 
George H. Alexander Machinery Ltd., West Bromwich. 

Stocks of Jessop tool steels are now being held in the 
West Bromwich works, in particular G.1 special air- 
hardening nickel-chrome steel, K.4 special oil-hardening 
non-distorting steel and alloy C high-carbon high-chro- 
mium die steel. These facilities are backed by the sub- 
stantial stocks maintained by William Jessop & Sons 
Ltd. in Sheffield. 





_ » | 
FAL Industrial construction kits 


for working models for experimental and 
demonstration purposes and for special apparatus. 
Developed by MARK SYLWAN AB, Stockholm. 


Full details from WEYCO (SALES) LTD. 
18-20 Dames Road, London, E.7. (MARyland 4334) 
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The A.P.V. Company Ltd., Crawley, Sussex, has 
concluded an agreement with the Rosenblad Company, 
Stockholm, Sweden, for the exclusive manufacture and 
sale of the well-known Rosenblad heat exchanger in 
Great Britain. APV will also be responsible for its sale 
in the Commonwealth, except Canada, and in the Middle 
Fast. The manufacturing and selling rights were pre- 
viously held by Messrs. Ashmore, Benson, Pease & 
Co. Ltd. 





B.M.B. (Sales) Ltd., Crawley, Sussex, announce that 
they are now the Sole Selling Agents for Messrs. S. B. 
W. (Coldheading) Ltd., specialists in the manufacture of 
rivets and pins for the radio and electronics industry, 
aircraft construction and instruments. 


CONTRACTS 
Birwelco Limited, of Aston, Birmingham, British 
manufacturing licensees for Petro-Chem  Iso-Flow 


fluid heating furnaces, have been awarded a contract 
for the supply of equipment to be used in Esso’s buta- 
diene plant at Fawley, Hants. The largest unit will con- 
sist of a specially designed Petro-Chem Iso-Flow furnace 
with a heat release of 192 million BTU/hr. Standing 
180 feet high, the heater will be the largest Petro-Chem 
Iso-Flow furnace in use in the British Isles. Included in 
the contract are three smaller heaters and a quantity of 
heat-exchange equipment to be supplied by Birwelco’s 
associate company, Brown Fintube Great Britain 
Limited. The value of the contract is approximately 
£250,000. Foster Wheeler Ltd. are responsible for the 
engineering and construction of the butadiene plant. 


The contract recently awarded by the Scottish Region, 
British Railways, to The Siemens and General Electric 
Railway Signal Co. Ltd. for signalling at Perth covers 
colour-light signalling and electro-pneumatic operation 
of points at Perth General Station and extending over 
some nine miles of the main line. A route-relay inter- 
locking installation operating over 400 routes will enable 
the work of thirteen existing signal cabins to be cen- 
tralized in a new cabin south of the station, which will 
control the main line from Stanley Junction to Hilton 
Junction, respectively north and south of Perth, and the 
line to Dundee as far as Barnhill, a little over a mile from 
the General station. Routes will be set up by operating 
key switches corresponding to the beginning and end of 
each, and mounted in the appropriate positions on the 
track diagram. The main items of signalling equipment to 
be supplied include multi-aspect colour-light signals, 
electro-pneumatic point machines equipped with ground 
track locks and complete with air control units, position- 
light shunt and subsidiary signals, and a.c. vane-type 
track relays. The contract also covers compressor plant, 
diesel-driven standby power equipment, cables and cable 
routes, and air main equipment. 


Servomex Controls Ltd. announce a valuable export 
order for the supply of 50 automatic voltage regulators 
to the South African Post & Telegraphs Department. 
As a result of a ‘* private export drive ”’, overseas sales 
for the first 11 months of the current financial year are 
six times as high as last year, the previous record. This 
follows a visit to Europe last May by the Managing 
Dire or, Mr. Richard Steel, and a recent tour of Italy 
ee Africa by another Director, Captain Andrew Yates, 


Heenan & Froude Ltd., of Worcester, have received an 








orde tom F, Perkins Limited, Peterborough, for 20 of 
their )PY4 dynamometers. These machines will be 
usec >r production testing the range of Perkin’s small 
diese engines. Rover (Gas Turbines) Limited have 
orde: | 18 DPX2 dynamometers, which will be incor- 
pore’ | in demonstration units for use in universities and 
tech’ al colleges. 
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The British Thomson-Houston Company Ltd. have 
obtained an order valued at more than £14 m. for two 
120,000-kW C.M.E.R. turbo-alternator sets for the new 
Padiham ‘‘ B”’ Power Station of the Central Electricity 
Authority (North West Merseyside and North Wales 
Division). The turbines of these sets are to be designed 
to operate under steam conditions of 1500 psig at a tem- 
perature of 1000°F, with reheat to 1000°F. The alterna- 
tors will be hydrogen-cooled. These turbo-alternator 
sets will be made in the new BTH Turbine Factory at 
Larne, Northern Ireland, and are to be ready for com- 
mercial load during 1961 and 1962. 


One of the largest lift contracts in India has been 
secured by Marryat & Scott Ltd. for 28 heavy-duty 
goods lifts at Calcutta Docks. The contract, which 
includes installation on site, was the result of a joint 
tender submitted by Marryat & Scott Ltd. and F. & C. 
Osler (India) Ltd., against international competition. 
F. & C. Osler, one of the group of companies controlled 
by Mr. Haridas Mundhra, has represented Marryat & 
Scott for 27 years, and plans for closer co-operation be- 
tween the two companies have already reached an ad- 
vanced stage. The 28 lifts, for Kidderpore and King 
George V Docks, Calcutta, are to be delivered over a 
period of 18 months, and will be capable of handling 
1000 tons of freight per hour. The consulting engineers 
to the Commissioners of the Port of Calcutta are Messrs. 
Rendel, Palmer & Tritton of London. 


An important contract received by Standard Tele- 
phones and Cables Limited through their associates, 
The Nippon Electric Co. Ltd., Tokio, for the provision 
of an extensive super-high-frequency radio network 
in Japan, has recently been successfully completed. The 
network caters for multi-channel telephony simultane: 
ously with television, between Osaka and Fukuoka. 
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Electricity 
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From dark red to dazzling white, the 
colour of a heated material gives a 
rough and ready indication of its heat. 
Electro-heat is never rough but it 
is always ready—ready to bring the 
workpiece to an exact temperature for 
an exact period of time. And all the 
heat goes into the job, not into the 
surrounding atmosphere—which is one 
of the reasons why electro-heat is so 
economical for precise heat treatment. 


In every industry, for scores of 
applications, electricity means higher 


productivity. 


or 9/- post free. 


If you would like further advice or information on 
how electricity can improve productivity, get in 
touch with your ELECTRICITY BOARD, or with 
E.D.A. They can lend you, without charge, films 


about the uses of electricity in industry. 


issued by the 
British Electrical Develop tA lation 
2 Savoy Hill, London, W.C.2 








for Productivity 


‘Induction and Dielectric heating’, just published, isa 
very important addition to the E.D.A. series of 
books on Electricity and Productivity. Other 
titles available are Electric Motors and Controls, 
Higher Production, Lighting in Industry, Materi- 
als Handling, and Resistance Heating. Price 8/6, 
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Metropolitan-Vickers—GRS Ltd. has been awarded a 
contract worth over £1,000,000 from the Rhodesia Rail- 
way Board for the supply and installation of “ cTc ” (cen- 
tralized traffic control) equipment between Kalomo and 
Ndola, a distance of 439 miles. This covers both cTc 
supervisory equipment and signalling and interlocking 
equipment, including searchlight-type signals, and is one 
of the largest orders ever placed for railway signalling 
equipment of this kind. The new order represents an 
extension of the 122-mile section from Thomson Junction 
to Zimba. 


An order from the U.S.S.R. for four of their sliding- 
shoe pumps has been received by Megator Pumps & 
Compressors Ltd., 43 Berkeley Square, London, W.1. 
The order comprises two Megator R12 pumps, which 
have a capacity of 3-35 tons per hour and suction lift of 
up to 24 feet, and two Megator DKS double-rotor 
pumps, fitted with eight shoes which have a capacity of 
66 tons per hour and a suction lift of approximately 
20 feet. It is understood that the pumps will be used for 
marine purposes. 


The English Electric Company Limited has received a 
further order from the Spanish National Railways 
(R.E.N.F.E.) for fifteen 3600-hp, 3000-V d.c. elec- 
tric locomotives. These locomotives will be identical to 
the sixty English Electric locomotives now in successful 
operation in the North of Spain. The Vulcan Foundry 
Limited, of Newton-le-Willows, Lancashire, which built 
the mechanical parts of the previous sixty locomotives, 
will also make those for the latest order. The English 
Electric Company has also received a further order for 
electrical equipment for the Aviles Steel Works, also in 
the North of Spain. The company has already executed 
orders amounting in all to about £1,500,000 for mill 
drives and distribution and rectifier equipment for the 
Aviles Steel Works. The value of the new locomotive 
and steel-mill electrical-equipment orders is approxi- 
mately £1,800,000. 


Among orders placed recently with British Oxygen 
Gases Limited is one for 51 sets of the new Saffire oxy- 
acetylene hand-welding and cutting blowpipes, together 
with spares and servicing tools, which will be used for 
work on the Kuwait Oil Refinery extension. Work on the 
extension is being carried out under the American super- 
vision of Betchtel Wimpey Limited, an associate company 
of George Wimpey and Company Limited. The order is 
worth about £2300. A further order, valued at 83,000 
dollars has been secured from the U.S. Navy, for equip- 
ment to be used in N.A.T.O. dockyards in Spain. In- 
cluded in the order are two Bison oxy-acetylene cutting 
machines, each 84 in. wide and 378 in. long, with acces- 
sories ; and 10 Bantam cutting machines, with 12-ft 
lengths of track. Another order has been placed from 
Sweden for 100 Saffire 18 in./90° cutters, 25 heavy duty 
cutters (27 in./75°), and accessories. The value of this 
order is £1700, and the equipment has been ordered by 
Aga Svenska A.B. Gasaccumulator Lidingo, of Stockholm. 


The contracts recently announced by the Southern 
Region of British Railways in connection with electri- 
fication extensions to the East Kent Coast include orders 
placed with The General Electric Co. Ltd., London, 
totalling over £14m. for converting plant, switch- 
gear, and remote supervisory control. These cover 
mercury-are rectifier equipment and metal-clad switch- 
gear for a total of 32 substations, together with the 
associated substation cabling and d.c. busbars. 


™etropolitan-Vickers Electrical Co. Ltd., Manchester, 
has »sceived an order for two 150-MW turbine-generator 
Sets, complete with condensing, feed-water heating, and 
de-2 ating plant, from the Montreal Engineering Co. Ltd. 
The-s machines are believed to be the largest ever pur- 


chac~ 1 by any privately owned utility outside the U.S.A. 
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The equipment covered by the contract, which is worth 
more than 5,500,000 dollars, will be manufactured at the 
company’s works at Trafford Park, Manchester, and 
Germiston, Glasgow. It will be installed at the Waba- 
mun power station of Calgary Power Ltd., where the 
first of two Metropolitan-Vickers sets of 66-MW capacity 
was recently commissioned. 


Another order representing valuable dollar business 
for Great Britain has just been received by Metropolitan- 
Vickers Electrical Export Co. Ltd. It covers two main 
turbine-generator sets, each rated at 66 MW for installa- 
tion in Arriaga No. 2 power station at Maracaibo, Vene- 
zuela. They will be supplied complete with all condens- 
ing, feed-water heating, and de-aerating and evaporating 
plant. The contract, the value of which approaches 
3,000,000 dollars, was placed by Montreal Engineering 
Co. Ltd. on behalf of their associates International Power 
Co. Ltd., of which C.A. Energia Eléctrica de Venezuela 
is a subsidiary. The whole of the plant will be manufac- 
tured at the Metropolitan-Vickers factories at Trafford 
Park and Germiston (Glasgow). 


The Government of Fiji has awarded a contract for the 
provision of ship-repairing accommodation at Suva to 
Head Wrightson Teesdale Ltd., a subsidiary of Head 
Wrightson & Co. Ltd. This development project includes. 
the supply of slipway cradles and haulage gear capable 
of handling passenger and cargo ships of up to approxi- 
mately 1000 tons. The Consulting Engineers for this 
project are Messrs. Wilton and Bell. 


Orders for two new super-tankers, each of 47,400 tons, 
have now been placed with Vickers Armstrongs Limited 
by Esso Petroleum Company Limited. They will be com- 
pleted in 1962 and 1963. A third vessel of similar size 
is to be built by Kockums at Malmo, Sweden, for delivery 
in 1961. Options are held to increase the size of these 
vessels, as well as some of the fifteen ships previously 
ordered, to 65,000 tons. 


Pye Limited are designing and supplying all the equip- 
ment for a laboratory for the Atomic Energy Authority 
at Dounreay, in which irradiated fuel elements from the 
Dounreay fast breeder reactor are to be examined. The 
equipment to be supplied includes manipulators, universal 
cutting machines, lathe, furnaces, X-ray and density 
measurement, inspection and material testing machines, 
optical and TV viewing facilities, and all the associated 
handling and shielding equipment ; in fact, the complete 
laboratory, except for the concrete structure, is being 
supplied by Pye Limited. Owing to the highly radio- 
active nature of the elements, which can only be handled 
by remote control, the laboratory is a cave of U-shaped 
form—a concrete cave with an area of 1100 square feet. 
To form a biological shield, the walls of the cave are 
4 ft 6 in. thick, partly lined with steel. 


Metropolitan-Vickers Electrical Co. Ltd. has been 
entrusted with the supply of mass spectrometry equip- 
ment and vacuum furnace equipment to the United 
Kingdom Atomic Energy Authority for installation in 
connection with the Experimental Fast Reactor at 
Dounreay. 


The National Gas & Oil Engine Co. Ltd., of Ashton- 
under-Lyne, has received two recent orders from Pakistan 
and Iran. The first is for two National BZAUP6 type, 
six-cylinder, pressure-charged, dual-feed engines each 
developing 1460 bhp at 333 rpm, and each driving a 
Brush 1000-kW, 3-3-kV, 3-phase, 50-cycle alternator. 
These are the first National pressure-charged dual-fuel 
engines to be installed in Pakistan and will be the largest 
National engines of any type in that country. They are 
for the Moghalpura power station of the North Western 
railway and will replace two existing engines. They are 
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The answer to 


For maximum usable power 

at the most economical r.p.m. in 
50-150 b.h.p. diesels, the 
self-contained, soundly-designed 
A.E.C. industrial engines 

are the right answer to your 
power problems. 

Before powering or re-powering 
mobile or stationary plant or 
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due for delivery from the works in November 1957. 
The second order is for two B4AU8 type, eight-cylinder, 
pressure-charged engines with a continuous site rating of 
1870 bhp at 333 rpm and a one-hour rating (site) of 2051 
bhp at 333 rpm (ambient temperature 104°F at an alti- 
tude of 4000 ft). Each engine is coupled to a Brush 
1310-kW, 6°6-kV, 3-phase, 50-cycle alternator. These 
units are due for delivery from the works in September 
1957 and will be delivered to Sherkate Sahami Electriki 
Fierouz of Teheran. 


Rhodes, Brydon & Youatt Limited, Stockport, have 
received an order from Boving & Co. Limited, London, for 
the supply of seven vertical motor-driven drainage pumps 
for installation in the power station in Kariba Gorge. 


Pirelli-General Cable Works Limited has _ been 
awarded a contract worth approximately £100,000 for the 
manufacture and installation of circuits totalling some 
5721 yards of 0:4-sq in. single-core copper conductor 
275 kV oil-filled cable at Drakelow Power Station. The 
cables will run between the outdoor-type sealing ends at 
transformers and outdoor sealing ends in the switching 
station. A Pirelli-General 275-kV oil-filled cable has been 
in operation for over two years at the Central Electricity 
Authority’s testing station at Staythorpe. This cable, 
together with joints and terminations, has passed the 
C.E.A. acceptance tests with an ample margin. 





Classified Advertisements 


The rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box-number adverti: 
\s, extra. Instructions, together with remi e, must be received not 
later than the 3rd of each month for advertisements to appear in the same 
month's issue. 








WORK WANTED 


Cut Wires, Pins, Special Rivets. Formed Wires, Manufactured to 
Specification by Wire Products and Machine Design Ltd., No. 4, 
Bridge Road, Haywards Heath, Sussex, Phone 1990. 


MACHINERY FOR SALE 


12 ft x 4} in. BENNIE FOLDING MACHINE for sale. Motor 
driven Swing Beam Universal Folding, Rounding and Box Forming 
Type. Max lift of top beam 18} in. Adjustment to bed and folding 
beam 8 in. Smallest trunk formed over beam 18 in. x 18 in. Largest 
tube formed 16 in. diameter. Gearbox drive with lever control to 
reversing friction clutches, operating all beams. Safety slipping clutch 
between gearbox and main drive shaft. Weight about 14 tons. Full 
details, illustrations, etc., from F. J. Edwards Limited, 359 Euston 
Road, London, Euston 4681, or 41 Water Street, Birmingham 3, 
Central 7606. 


WANTED 


Copies of the February 1957 issue of THE ENGINEERS’ DIGEST 
are urgently required. 4/6d. each will be paid for copies in good con- 
dition returned to The Subscription Department, THE ENGINEERS’ 
DIGEST, 120 Wigmore Street, London, W.1. 
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Competitively priced “Prestex" Timers 
are precision tested. 7 jewelled with Sand fer 
jewelled pallet movement. and interchangeable tad 
Precision made parts for speedy repairs Masa 
Prestex set a new standard—especially in 

mice catalogue 
* PRESTONS LIMITED 


BRITAINS LARGEST SUPPLIERS OF STOP-WATCHES TO INDUSTRY 
PRESTONS, LTD. BOLTON LANCS TEL BOLTON 876/7 
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NEW BALL & 
ROLLER BEARINGS 


OVER 4,000,000 IN STOCK 
IN MORE THAN 4,000 TYPES 


BRITAIN’S LARGEST STOCKS 


STOCK LIST AVAILABLE 


CLAUDE RYE BEARINGS 


895-921 FULHAM ROAD, LONDON, S.W.6 
Renown 6174 (Ext. 24) Cables: Rybearings, London Telex 23453 














CUT MACHINING COSTS 


ALLOY STEEL CASTINGS 
OVER 40 SPECIFICATIONS 
PROTOTYPES A SPECIALITY 
Small or large quantities with a maximum 
individual weight of approximately 20 lb. Radio- 
graphic examination available. Our technical 
staff will be pleased to advise you on design 
and material problems. 


PRECISION ALLOY CASTINGS 


(BIRMINGHAM) LIMITED 


MACKADOWN LANE, KITTS GREEN, BIRMINGHAM, 33 
Tel. STECHFORD 3071 











The Specialist Foundry 
for 
BLACKHEART MALLEABLE 
IRON CASTINGS 


HEAT & ABRASION 
RESISTING ALLOY CASTINGS 


Manufacturers of 
“PULMAC” 
PULVERISING MILLS 


Follsain-Wycliffe Foundries Limited 
LUTTERWORTH, NR. RUGBY Tel. 10, 60 & 152 
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Those with a leaning to Lexicon 
would no doubt essay DRIED LAG 

or even DEAD GIRL, but the alert 
buyer of plastics mouldings who 

puts down ALDRIDGE would have a 
winning hand in more than one sense! 


ALDRIDGE is a comparatively new name in the moulded plastics field. 

It is a vigorous Company enjoying the benefits of the most modern 

factory and plant, and administered and staffed by men whose knowledge 

and experience of plastics mouldings extends back to the beginning of 

the Industry itself. ALDRIDGE make all types of thermo-setting and 

thermo-plastic mouldings for the leading names in many Industries . . 
. ALDRIDGE is ready to serve YOU! 


ALDRIDGE for PLASTICS mouldings 


ALDRIDGE PLASTICS LTD. 


REDHOUSE INDUSTRIAL ESTATE, ALDRIDGE, STAFFS. 


An A.E.1, Compa 
atte TELEPHONE: ALDRIDGE 52031 (4 LINES) 
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BOOKS RECEIVED 





Principles of Engineering Inspection. By Geoffrey K. King, 
AM.LC.E., A.M.I. Mech.E., A.M.I.E.L, and C. T. Butler, B.Sc.(Eng.) 
A.M.L.Mech.E., M.I.Prod.E. 272 pp., 132 illustrations. Publishers : 
Cleaver-Hume Press Ltd., 31 Wright’s Lane, Kensington, London, 
W.8. Price : 25/-. 

Covering organization, methods, machines, and sampling, and 
including the use of quality-control charts, this well-written book is a 
detailed, up-to-date, and authoritative work on a very important 
aspect of mass production. The emphasis throughout is on principles, 
and it deals not only with finished components but also with metallic 
and non-metallic materials and even protective coatings. 

Fundamentals are simply but adequately explained, and a wealth 
of excellent illustrations is included. In this connection, while many 
modern machines are depicted, line diagrams are often included to 
show their construction and method of operation. There can be no 
doubt that this is a useful book, of special interest to students and to 
managers and inspectors in industry. 


Diesel Fault Tracing, Maintenance, and Repair. 2nd Edition, 1957. 
By Staton Abbey. 254 pp., 118 illustrations. Publishers : Sir Isaac 
Pitman & Sons, Ltd., Parker Street, Kingsway, London, W.C.2. 
Price : 16/-. 

Since the first edition of this popular book was published in 1950, 
the use of high-speed diesel engines has continued to increase, and 
several new types have been introduced. This new and revised edition 
will therefore be of undoubted value both to the experienced mechanic 
and to those owners who may have to undertake maintenance and 
fault tracing with limited equipment. 

The book covers concisely but authoritatively all types of high- 
speed diesel engines, including transport, tractor, marine, stationary, 
etc. To assist in rapid and accurate fault tracing, ten systematic diag- 
nosis charts have been included, together with a considerable amount 
of supplementary material. 


Project Engineering of Process Plants. By Howard F. Rase and 
M. H. Barrow. 692 pp., 164 illustrations. Publishers : John Wiley & 
Sons, Inc., New York, and Chapman & Hall, Ltd., 37 Essex Street, 
London, W.C.2. Price : 114/-. 

Not only is this the first book to formalize the methods of executing 
a project used by all progressive chemical companies and engineering 
firms, but it is also the first work to be devoted to process-plant design, 
in accordance with modern techniques of project organization, plan- 
ning, and execution. 

The authors, both experienced in the field of project engineering, 
approach the subject from the point of view of the specialist who has 
organizational and technical ability in all phases of engineering, and 
who is able to co-ordinate and supervise the design and construction 
of a modern plant. However, the book is not limited solely to the 
project engineer, as it is of undeniable value to any engineer whose 
work requires a knowledge of the theories and techniques of mechani- 
cal design, procurement, and construction. 

To facilitate understanding, the book includes many illustrations 
of equipment and examples of actual design calculations, specifica- 
tions, and contracts. In addition, references to information recorded 
in handbooks and codes, together with all other sources of practical 
information, are included. 


LATEST INDUSTRIAL LITERATURE 








1. Gauges. Specifications and dimensional drawings of an extensive 
range of gauges are given in a neatly-produced illustrated 36- 
page booklet. Details are included of compound gauges, hydraulic 
gauges, combined altitude gauges and thermometers, etc. Useful 
information is also given on size and on working and fluctuating 
pressures, corrosive media, and temperature, together with pressure 
and conversion tables. In addition, a section on accessories and 
Special features is incorporated. 

All gauges are recorded, thus enabling any fault in material or 
workmanship to be traced, and their accuracy is guaranteed within 
the limits recommended by the relevant British Standard Specification. 
A selection of special-purpose instruments is also listed. 


2. Bench-Type Spot Welders. Details of two new models of bench- 
type spot welder, with respective capacities of 4 and 8 kVA, are given 
m an illustrated leaflet. Amongst other interesting features are 
aluminium side castings which enclose the machine and reinforce 
the frame to give complete rigidity, an indexed dial providing variable 
welding times, and a plastic connecting tube between two hollow 
electrode holders showing visual indication of water flow. Pressure 
Control is located on top of the machine, ensuring easy regulation. 
The machine incorporates an air-cooled single-phase transformer, 
the Primary windings of which are connected to a 4-point tapping 
Switch for heat regulation. Useful items of ancillary equipment 
include 2 water-cooled bottom arm with electrode tip for Iding 


4. Annular Piston Pumps. General applications and principles of 
operation of annular piston pumps, together with viscosity-com- 
parison charts and pressure and volume conversion tables, are con- 
tained in a well-produced loose-leaf folder. Excellent detailed drawings 
are also included. 

The annular piston pump described is a small-capacity rotary oil 
pump with a volumetric efficiency as high as 99 % under good working 
conditions. Pressures up to 1500 psi can be obtained with running 
speeds from 20 to 1500 rpm. Noteworthy features include positive 
action and steady uniform flow at slow speeds ; no aeration or 
turbulence ; no idle pockets or passages to cause air-locks or coagu- 
lation ; and no springs, valves, or gears, etc. 


5. 400-Cycle Power Supplies. A range of alternators designed to 
meet the growing need for 400-cps and other high-frequency supplies 
is presented in an illustrated 4-page leaflet, the basic standard frequency 
in the selection shown being 400 cps. The generator, which can be 
driven by any prime mover, is designed to ensure inherently low 
harmonic and negligible sub-harmonic content of the output wave- 
form. Voltage controls follow conventional lines. For normal 
applications, electro-mechanical voltage regulators are used, whereas, 
for highest performance, both with regard to accuracy and reliability, 
magnetic-amplifier automatic voltage regulators are available. 


6. Sliding-Bed Lathes. Details and specifications of sliding-bed 
lathes are contained in a 14-page illustrated brochure The lathes 
described combine the usefulness of a standard straight-bed lathe 
with some of the advantages of a break-lathe. When the bed is closed, 
the machine is, to all intents and purposes, a standard centre-lathe. If, 
however, it is required for a large-diameter job of some length, the bed 
may be opened, so that considerable capacity may be admitted in the 
adjustable gap. Furthermore, special attachments are available to 
enable the whole of the outside diameter of a job to be machined, thus 
extending still more the value of the machine. 


7. Cross-Roll Bearings. Stated to be the first really perfect slewing- 
ring, the new cross-roll bearings described in a 4-page illustrated 
leaflet are claimed to change the slewing-ring—up to now the weakest 
spot of any machine—into the strongest part of an excavator by 
achieving 100% perfect distribution of the load, thus reducing 
maintenance to the absolute minimum. 

Within a given diameter, the load-carrying capacity of an excavator 
fitted with this bearing is greater than it would be with any other 
type of slewing gear ; in addition, ..e whole unit is grease-packed 
for life, and, as there is never any need for alignment or adjustment, 
maintenance is unnecessary between major overhaul periods. 


8. Protective Devices for Electrical Switchgear. Descriptive details 
of protective devices applied to electrical switchgear are given in a 34- 
page illustrated brochure. Aithough it deals only with the more 
general forms of protective equipment, in a range up to 11 kV and 
250 MVA breaking capacity, practically all other requirements can 
be covered quite easily by simple arrangements of either direct-acting 
trip coils or relays. 

General recommendations for the protection of such items of 
equipment as transformers, motors, and feeders are given, together 
with several useful diagrams. In addition to notes on thermal relays, 
current grading, earth fault protection, etc, a special section is 
devoted to application guidance. 


9. Engineers’ Pneumatic Tools. Representative examples of a wide 
range of engineers’ steel tools are described and illustrated in three 
well-produced leafiets. Details of an improved high-speed twist drill 
are given, which, at no extra cost, retains the advantages of steam 
temper, i.e., toughness, freedom from stress, corrosion resistance, etc. 
A selection of varying types of pneumatic chisels is also presented, 
these being made of silicon and chromium steel ; silicon, molyb- 
denum, and vanadium steel ; and silicon, chromium, tungsten, and 
vanadium shock- and fatigue-resisting tool steel. 

Also included are details of rivet snaps, designed to give greater 
strength at the neck of the shank. These are supplied with a loose 
washer to absorb the rebound of the hammer, and may be re-cupped 
a greater number of times than the ordinary pneumatic snaps. 

In addition, descriptions are given of four drill sets packed in 
metal containers about the size of a cigarette case. Opening the 
cover erects the drills, and a useful bench stand is formed, giving 
instant selection by clearly marked sizes on the case. 
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in limited spaces, a water-cooling system with circulating pump, anda 
Tange of electrode tips suitable for various applications. 


3. Aluminium-Bronze Diecastings. Useful information on the 
Propertic; and design of aluminium-bronze diecastings is contained in 
a 24-pace illustrated booklet. A number of typical applications is 
shown, 1 gether with details of wear resistance and corrosion resistance. 

A forvher section is incorporated on the finishing of aluminium- 
bronze 2castings, including notes on cleaning processes, painting 
and en: nelling, solution bronzing, electroplating, soldering, and 
pswen Reference is also made to machining aluminium-bronze 
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